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NEST-SfTE  LWJTATION,  NEST  PREDATION,  AND 
NEST-SITE  SELECTION  IN  A CAVfrV-NESTlNO  BIRD  COMMUNITY 


Major  DepajimeiU;  Wildlife  Ecology 


birds  in  a pine  mosaic  dominaied  by  35-40  year-old  slash  pioe  {Pinus  elllottif)  plantalions 
in  northern  Florida  during  1995-1998.  My  research  focused  on  two  primary  queslions: 

1 1]  Are  cavity-nesting  bird  populations  limited  by  nest-site  aval  labilitY.’ (2)  Is  cavity  age 
corrclnicd  with  risk  of  nest  predation? 


In  a controlled,  replicated  nest-box  experiment,  breeding  densities  ofnon- 
excavstors  increased  on  8 treated  plots  but  remained  unchanged  or  decreased  on  4 control 


inuoduclion)  suggesu  Ihol  habiui  quality  may  sa  an  upper  limit  on  the  numbers  of 
breeding  birds  In  these  young  forests. 

I monitored  259  nests  of  1 1 species  (6  excavators,  5 non*excavatorsi  In  tree 
cavities.  Msyfidd  estimates  ofnesl  success  were  highest  for  the  Dossny  Woodpeckei 
tPicoides  pubescens)  (7S54)  and  Red-bellled  Woodpecker  (h4chntrpes  carolimts)  (685i) 
and  lowest  for  the  Eastern  Bluebird  tSialtasUjfis)(li%j^  Nest  predation  by  rat  snakes 
(£/ophe  spp.k  southern  flying  squirrels  (C/oucomyr  volomk  and  other  species  was  the 
most  common  source  of  nest  hiilure.  Nest  predation  rales  in  thts  study  we 
than  those  documented  in  other  locales  for  similar  cavily-nesling  species, 
previous  life  history  studies.  I found  no  significant  differences  in  clutch  size  or  daily  nest 
survival  rates  between  excavators  and  non-excavators.  These  life  history  relationships 
need  further  exploration  across  a range  of  sires. 

I found  a variety  of  evidence  supporting  the  hypothesis  that  nest  predation  is 
positively  coirelaied  with  cavity  age.  Neal  success  was  greater  in  newly  excavated 

boxes  increased  during  the  second  year  of  their  availabi  lily,  probably  as  a result  of  nest 


predators  learning  the  locations  of  protilable  prey  sites. 


CHAPTER! 

INTRODUCTION 

Background 

Since  the  lute  1920s,  conversion  of  natural  longleaf  pbe  iPinus  palusirls)  foicsis 
to  even-aged  plantations  of  slash  pine  (P.  ellionii)  and  loblolly  pine  {P.  laeda)  has 
drastically  reduced  the  acreage  oflongleaf  forest  thieughoirt  the  southeastern  United 

Columbian  range  (Noss  1989.  Frost  1993).  In  Florida,  even-aged  pine  plantations 
managed  for  pulpwood  have  replaced  most  of  the  longleaf  forest. 

The  biodiversity  of  pineland  bird  cominunilies  in  the  soulheasiern  coastal  plain 

Cavity-nesting  species  have  been  especially  affected.  FiRy  years  ago,  the  woodpecker 

range  of  plant  communities  (Oennis  1951).  Today,  a single  abundant  species,  the  Red- 
bellied  Woodpecker  (Me/snerpes  curofinus).  is  predominant  throughout  noiihem  Florida 
(Narrisand  Frederick  1991;  also  see  Appendix  A). 

Breeding  Bird  Survey  (BBS)  data  indicate  that  many  cavity-nesting  species  in 
Flonda  have  experienced  population  declines  in  recent  decades.  Cox  (1987)  analyzed 


Mo91  of  our  knowledge  about  cavhy*ne51ing  birds  is  based  on  nest-box  studies  of 
Old  World  species.  Ecologisis  have  only  recently  begun  to  conduct  intensive  field  study 
ofotvity-nesliog  birds  io  nsturaJ  nest  sites  to  address  questions  about  avian  life  history 
theory  and  community  ecology  (e-g- Li  and  Manin  1991,  Martin  and  Li  1992.  Puicellet 
al.  1997).  Wltl]thisinmind.lundenookacompreheiisive4-yesrstudyofibeecologyof 


Camp  Blanding  Training  Site  (CBTS)  is  a Florida  Department  of  Military  Affairs 
Army  National  Guard  facility  encompassing  30,000  ha  In  Clay  Coutny.  Florida. 
Pinelands  at  CBTS  are  currently  in  poor  condition  because  of  the  conversion  of  most  of 


suppression  (Hipes  and  Jackson  1994).  In  these  respects.  I be!ie< 
of  pinelands  in  cooiemporary  Florida. 


bellied  Sapsuckcr),  one  is  exceedingly  rare  (Bam  Owl),  and  one  is  arguably  a 'htook-and- 
cranny"  ncsier  and  not  an  obligate  cavity  nester  (Carolina  Wren).  That  leaves  1 5 cavity- 
nesling  species  that  are  potential  breeders  in  managed  pine  forests  on  the  CBTS  .study 


l-l.  Cavityn 


RuctrcK  Questions 


One  or  the  oldest  questions  of  interest  to  both  eeologisis  and  wildlife  nuuutgets  is 
whether  cavity-nesting  bird  populatioos  are  limited  by  the  availability  of  nest  cavities. 
Although  a generally  accepted  concept,  nest-site  limitation  rarely  has  been  studied 
effectively  with  manipulative  eaperimcnts.  Thus,  1 conducted  a controlled,  replicated 
expehineot  to  test  for  nest-site  limiietion  in  Florida  pine  plantations.  I discuss  my 
lindings  in  Chapter  2,  with  special  focus  on  interspecific  variation  in  nest-site  limitation. 

Nest  boxes  axe  comsoonly  used  to  study  avian  life  histories  and  population 


(e-B-  Mollcr  19g9),  including  the  notion  that  nest  boxes  might  be  safer  horn  predators 
than  natural  sites.  In  Chapter  3. 1 test  this  hypothesis  by  companng  reproductive  success 
of  Great  Crested  Flycatchers  {Myiprchus  crintw)  in  nest  boxes  with  those  in  tree 

Although  nest  predatiou  has  become  an  important  focus  of  research  in  avian 
nesting  birds,  in  part,  because  of  the  difficulty  in  accessing  and  inspecting  the  contents  of 
mtes  for  a community  of  cavity-nesting  birds,  focusing  on  the  differences  between 


Firtfiliy,  Chapter  5 integrates  the  conclusions  of  each  chapter  and  identities  key 


) come  under  criticism  for  a variety  of  reasons 


5.  ) evaluate  several  hypotheses  for  why  non- 


excavators  are  more  vulnerable  to  nest  predation  than  excavators. 


areas  for  future  research. 


CHAPTER  2 

DO  NEST  SITES  LtMlT  BREEDING  DENSITIES  OF 
SECONDARY  CAVITY-NESTING  BIRDS? 

second&ry  (i.e.,  iion-ncavaTijig)  caviiy-ocsting  bircB  (SCNsJ  (e.g.,  vcn  Hurtman  1957, 
I97I:ThoinuelaI.  1979;  Cody  1985).  However,  despiu  decades  of  lUEanhoDcavity- 
oesling  birds,  tests  of  tbe  nest-site  limilslion  bypolbesis  by  manipulative  experiments, 
which  include  knowledge  of  Initial  conditions,  adequate  controls,  and  replication 

evidence  for  nest-site  limitation  io  cavity-nesting  birds  is  circumstantial.  Among  studies 
that  added  or  subtracted  oesl  sites  for  cavity-nesting  Inrds,  Newton  <1994)  identified  only 
6 studies  that  included  both  controls  and  pre-  end  post-manipulation  data;  of  these  6,  only 
2 (Enemarand  SjSsIrand  1972,  Brawn  and  Baida  1988)  had  replicate  .study  plots.  Other 

spatial  independence  of  experimental  and  control  plots  (e.g.,  East  and  Perrins  1988. 


eg..  Brush  1983).  Inadequ 


species  inhabiling  Europeon  foiesls,  especially  the  Great  Til  (/’ores  major)  and  Pied 
Flycalcher  (Ficeduh  hypoteuca).  Conlrolled  nesl-boic  enpeiimenls  have  not  been 
conducted  with  cavity-nesling  birds  in  pine  forests  of  the  southeastern  United  Stales. 


1986.  Jackson  1 988).  yet  the  nesl-sile  limitation  hypothesis  has  not  been  tested 


Methods 


Fieldwork  was  conducted  on  12  study  plots  in  slash  pine  (J’lmit  e/lloiriO 

northern  Florida  (Fig  2-1).  Plantations  were  35-40  yr-old  even-aged  stands  that  had 
gone  imbumed  for  more  than  three  years.  To  control  for  variation  in  site  produciiviry.  I 
distributed  study  plots  evenly  between  mesic  "Harwoods"  sites  and  drier  "sandhill"  sites. 
"Flarwoods"  plantations  were  densely  stocked  and  characterized  by  moderately  to  poorly 
drained  soils  and  a dense  shrub  layer  of  gallberry  (JJu  glabra),  saw  palmeno  (Semmxi 
son  and  Hartnett  1990).  "Sandhill" 
rized  by  well-drained  sandy 


j shrubs  (Abrahams 


soils  and  a paicby  understory  of  turkey  oak  {Qutrcvs  ianis)  saplings.  Before  site 

sandhills  (open  pine  savannahs  with  a ground  cover  of  perennial  grasses  and  forbs;  Myers 
1990).  Within  each  study  plot,  I measured  live  vegetation  at  point*coum  stations  (Martin 
et  ai.  1997)  and  counted  snags  r 10  cm  diameter  at  breast  height  (dUi)  on  two  50m  a 
400m  transects  to  develop  staitd  profiles  for  each  plot  (Table  2<l).  Moat  snags  were  too 
small  for  excavation  by  woodpeckers;  <2H  of  plantation  snags  were  e25  cm  dbh 
(unpubl.dau). 

Study  plots  were  of  equal  sise  ( 10  ha)  and  dimensions  (250  m x 400  ni)  and 
situated  as  far  as  passible  (lypicalty  27Sm)from  roads  and  other  openings.  Study  plots 
were  broadly  dispersed  to  encourage  ^atial  independence;  the  nonhemmost  study  plot 

km  distant  horn  the  eastenunost  plot  (Fig  2-1).  Nearest-neighbor  distances  between 
study  plots  averaged  1 2 km  (range:  0.5  - 2.6  km).  A strip  of  wetiartd  forest  separated  the 
two  study  ploLs  that  were  only  0.5  km  apart 

were  conducted  on  2 Harwoods  plots  and  2 sandhill  plots  during  January-February  1997. 
Winter  bums  consumed  leaf  litter  and  caused  temponiry(j. a.,  lasting  <l  yr)  reductions  io 

of  March  1997  (>  t month  before  the  breeding  senson  for  all  SCN  species),  I bsutled 
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Table  2<  I . Stand  profiles  of  slash  pine  plentations  in  two  forest  types,  Camp  Blandmg 
Training  Site.  Florida,  summer  IMS. 


Forest  type 

Canopy  height 
n (m) 

Total  basal  area 
(m’/ha) 

Oaks  basal  area 
(m^lha) 

SttagsTiB  “ 

Flaiwoods 

6 IS.SIO.S)" 

31.0(2.2) 

0.2  (0.2) 

17.7  (2.0) 

Sandhill 

6 17,2(1.1) 

24.5(2.5) 

3.1  (0.5) 

14.8  (2.1) 

* Sluirding  dead  trees  2 10  cm  diameter  SI  breast  height. 
^ Mean  (SE). 


Table  2<2.  Experifnental  design  used  for  lesf  of  nesl-site  Ibniuiion.  Treaimems  (0  = no 
nuidomly  applied  whhin  Forest  type. 
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SafKlhills 
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0 
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o 

0 
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plots  without  nost  boxes  os  controls  (Table  2-2).  Two  yeiirs  of  breeding  bird  surveys 
were  eotiducied  to  assess  the  effects  of  Irealtnents  1 1 997-1998). 

Nest  Boies 

dimensions  to  accommodate  all  species  ofSCNs,  except  ducks  and  raptors,  that  breed  in 

X 14,0  cmX  in  the  diameleroflhe  entraoce  hole  (3,5  cm  or  5, 1 cm),  and  in  ibeir  height 
nbove  ground  (1,9m  or  4,8  m).  On  each  nest-box  plot,  1 installed  40  nest  boxes  (4  per 
he)  at  50m  intervals  in  a standardised  array.  The  rtesl  box  array  was  a balanced,  3-faclor 
design:  box  ,si2e  (small  vs.  large)  x hole  size  (narrow  vs.  wide)  x box  height  (low  vs. 
high).  I placed  all  nest  boxes  with  the  entrance  hole  oriented  at  east  by  southeast, 
because  easterly  or  southeasterly  orientations  are  preferred  by  many  cavity-nesting  bird 
species  (Conner  1975,  Pinkowski  1976,  McEllin  1979.  Rendelland  Robertson  1994). 

I inspected  the  contents  of  each  nest  box  once  every  10-14  d during  April-May 
and  once  every  14-21  d during  June-early  July.  As  soon  as  1 observed  nesting  activity  in 
I nest  box,  I monitored  the  nest  box  regularly  at  3 d intervals.  High  nest  boxes  were 
reached  with  an  aluminum  extension  ladder.  For  analyses  of  nest  box  use.  a nesting 
attempt  was  defined  as  a nest  where  s I egg  wa.x  laid.  Southern  Dyiog  sqttinels 
(Ct/mrconprr  volans)  and  other  non-avian  occupants  were  not  discouraged  from  using  nest 
boxes,  because  I wanted  to  study  cavities  as  a limiting  factor  for  birds  under  natural 
conditions.  SejUirrel  roost  sites  were  defined  as  those  nest  boxes  b which  flyiog  squirrels 
were  observed  oo  a2  occasions  within  a season. 
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Nnl  Segrcbcs  aiKl  Ntst  Moniloriig 

I used  sundard  melhods  (MmiuhikI  Gcuptl  1993)  lo  search  for  SCN  neslsiniree 
cavities  on  study  plots  from  early  April  through  early  July.  I996<1998.  IfOialedDesl 
search  visits  among  plots  and  diel  periods  (early  morning.  late  moming)  to  maintain 
comparable  search  efTort  among  study  plots.  Once  nests  were  located,  each  was 
monitored  regularly  at  3-9  d intervals  to  assess  nesting  status  (Martin  and  Geupel  1993. 
Ralph  et  al.  1993).  (See  Chapters  34  for  details  on  techniques  used  for  moitiloring 
cavity  nests.) 


I used  the  intensive  point  count  method  (Ralph  et  al.  1993.  Wilson  et  al.  1 995)  to 
estimate  densities  of  breeding  birds  in  study  plots.  Intensive  point  counts  differ  from 

search  plot  or  mist  net  plot,  and  count  data  within  each  plot  are  pooled  for  analyses 
(Ralph  el  al.  1993). 


Pobl-count  survey  melhods  followed  standards  oudined  by  Ralph  el  al.(l993): 
counts  were  conducted  within  3 hrs  posl-sunrise;  no  counts  were  made  during  rein,  fog, 
Dr  strong  winds;  birds  seen  flying  above  the  canopy  were  recorded  separarely;  birds 
counted  within  a fixed'width  circle  were  not  recounted  if  they  were  observed  moving  to 

system  were  detected  within  the  first  nine  minutes  (unpubl.  data),  and  a longer  count 


tiling  (Scon  and  Ramsey  : 


15 


species.  Foi  significant  fiicion  in  the  model,  pairwise  differences  of  least-squares  means 
(PROC  MIXED)  determined  the  relationships  between  veiiebles. 


Secondary  cavity  neslers.  I detected  4 species  of  diurnal  SCNs  during  Exed- 
mdius  point  eouni  surveys:  Great  Crested  Flycatcher  (AfyiorcAar  erirtims);  Tufted 
Titmouse  iSaeo/ophus  bicolor)-.  Carolina  Wren  (Thryolhona  ludmieiimus).  and  Eastern 
Bluebird  [SiaJia  siolb). 

For  all  SCN  species  combined,  the  mixed  model  ANOVA  indicated  that 
Treatment  was  the  only  significant  factor  {F  = 7,57;  df= 2,5;  P = 0,03)  explaining  the 


11997,  1996),  After  iresttnenis  were  applied,  SCNs  increased  on  treated  plots  but 
dccressed  slightly  on  control  plots  (Fig.  2-2).  In  the  two  years  post-treatment,  differences 
of  least-squares  means  indicated  that  counts  (mean  : SE)were  signiftcanily  greaier{P  = 
0.01)  in  unbunted  plots  with  nest  boxes  (NB)(5.5  ± 0.7)  than  in  control  plols<2.9  x 0.2). 
Counts  also  were  significamly  greater  (P  ■ 0.02)  in  burned  plots  with  nest  boxes  (BKB) 
(5,0  t 0.4)  than  io  control  plots.  SCNs  did  not  differ  between  N3  plots  and  BNB  plots. 

The  Treatment  x Year  interaction  temi  approached  statistical  significance  in  the 
mixed  model  (f  »2.89;  df«  2,9;  P *0.1  IX  reflecting  the  different  rates  at  which  SCNs 
responded  to  ness  boxes  on  MB  and  BNB  plots.  On  NB  plots,  SCNs  remained  at  pre- 


Effects  of  nest  boa  treatments  on 


Figure  2-2.  Mean  counts  of  secondary  cavily-nesieis  (SCNs)  on  plantation  titudy  plou 
before  (199M996)  and  after  (1997-1998)  lreounents(C  > eonirol.KB  ‘ unbunied  plots 


IreaUnenl  levels  In  1 997  end  Increased  sharply  in  1 998,  while  on  BNB  plots  SCNs 

largest  increase  in  SCNs  from  one  year  to  the  next  occurred  io  the  fiist  post-lreaimenl 

Primary  eaviry  neslers.  I detected  S species  of  primary  (i.e.,  excavating)  cavity 

Nuthatch  (Siiia  pusMaj,  Red-bellied  Woodpecker  {Milanerpcs  carolinus).  Red  headed 
Woodpecker  (M,  eryihrocephalus).  Downy  Woodpecker  (Pieoides  pubescensX  Red- 

Woodpecker  (Do'Oce^usptVeorur).  Although  6 species  of  woodpecker  were  recorded, 
Red-hellied  and  Downy  Woodpeckers  nccoumed  for  93%  of  all  woodpeckers  counted 
within  35m-radiua  point  counts.  Counts  of  primary  cavity  nesters  did  not  vary  among 
Irtauncnls.  either  for  all  species  combined  (P  = 023)  or  for  any  individual  speciea  (P  > 
0.10). 

Interspecific  varintion  in  SCN  respoose  lo  nest  boi  treatments 

For  Greet  Crested  Flycatchers,  Treaimenl  was  Ihe  only  significant  factor  in  the 
mixed  model  ANOVA  (f  ■ 4.42;  df  = 24:  P = 0.07).  After  treatments  were  applied, 
Great  Crested  Fiyceichers  increased  on  ireaied  plots  but  decreased  slightly  on  control 
plots  (Fig.  2-3).  in  the  two  years  post-treatment,  counts  in  BNB  piols  (2.9  i 0.4)  were 
significantly  greater  |P>  0.02)  than  counts  in  control  plots  (U  • 0.3),  end  counts  in  NB 
plots  <2.6  t 0.4)  weresignificantlygreater(P*  0.03)  than  counts  In  control  plots.  NB 
plots  and  BNB  plots  did  not  differ.  Great  Crested  Flycatcher  numbers  reached  their  peak 


ueed  (Fig. 


2-3). 

Greal  Cresied  Flycatcher;  counts  increased  threefold  on  treated  plots  aher  ireattnents 
were  applied  (Fig  2-4).  Before  nest  hoses  were  introduced.  Tufted  Titmice  were  not 

plot  in  1996.  However,  Treaonenl  was  not  significant  in  the  mixed  model  ANOVA  • 
0.37;  df-2,S;/’>0.70X  no  doubt,  largely  because  of  the  small  samples  involved. 

Tufted  Titmouse  densities  (Fig.  2-4)  never  reached  those  of  the  Cleat  Crested  Flycatcher 
(Fig.  2-3). 

Carolina  Wrens  showed  no  response  to  treatments  (Fig  2-5).  The  Carolina  Wien 
was  Ihe  only  SCN  species  that  did  not  exhibit  an  immediate  le^sonse  to  nest  boxes  in 
BNB  plots  in  1997.  Forest  was  the  only  significant  factor  9.62;  df*  1,9;  A - O.OI) 

Carolina  Wrens  more  common  in  Flatwoods  plots  than  in  Sandhill  plots,  but  the 

Eastern  Bluebirds  were  seldom  recorded  on  plantation  study  plots.  No  factors 
were  significant  in  the  mixed  model  ANOVA.  although  the  small  samples  involved  made 
it  diSicull  to  delect  difterences.  However,  the  fact  that  bluebirds  were  not  recorded  in 
fixed-radius  point  counts  on  any  plots  until  after  nest  boxes  were  introduced  (Fig,  2-6) 


strongly  suggests  Ibal  they  responded  to  the  nest  boxes. 


19 


Figure  2'9.  Mean  counu  ef  Great  Created  Flycalcheia  (CCFLs)  on  plantation  study 
plots  berore(l99S-l996)  and  after  <1997-1998)  ireatmenu  (C  comxol.NB  ° unbumed 
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Figure  2-4.  Mean  comm  ofTuAed  TiDnice  (TUTIs)  on  planUlion  study  plots  terore 
<l»5-19»)  and  after  (1997-1998)  tteatmenls<C  • control,  NB  • unbunied  plots  with 
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Year 


Figure  2*5.  Mean  counts  of  Caroline  WrEns(CAWRs)  oo  plantation  study  plots  before 
(l99S-l»96)and  afler  (1997-19981  treatmcms  (C  = control,  NB  = unbumed  plots  with 


□c 

■ NB 


1995  1996  1997  1998 

Year 


Figure  2-6.  Menu  counts  of  Easiem  Bluebirds  (EABLs)  on  plantation  study  plots  before 
<I9»- 1 996)  and  after  { 1 997-1998)  Irealnients  (C  = control,  NB  ’ unbumed  plots  with 


^during  1997-1998,  including  33 


(S8%)  Great  Crested  Flycatcher  nests,  1 3 (23%)  Tufled  Titmouse  nests,  d (I  IH)  Eastern 
Bluebird  nests.  3 <S%)  Carolica  Wren  nests,  and  2 (3%)  Eastern  Screech-Owl  (Otiu  Oslo) 
nests.  Screech-Owls  nested  only  in  nesi  boxes  that  hud  their  enintncc  holes  enlarged  by 

weie  observed  using  19  nest  boxes  as  night  icosi  sites.  Boxes  used  as  woodpecker  roosl 

Red-bellied  Woodpecker  nest  in  a pine  snag.  Overall  avian  occupancy  of  nest  boxes, 
including  woodpecker  roosl  sites,  increased  from  the  first  year  to  the  second  year  (8% 

and  16%  in  1997  and  1998.  respectively).  SCN  nests  were  built  in  7%and  I morihc 
plots;  70(22%)  and  56  (18%)  nest  boxes  weic  used  as  roosl  sites  by  flying  squincis  in 

The  total  number  of  SCN  nests  oo  study  plots  increased  afier  nest  boxes  were 
introduced  (Table  2-3).  The  loul  number  of  SCK  oesis  (excluding  Carolina  Wren  nests) 
increased  twofold  in  1997  (27  total  nests)  and  increased  to  threefold  by  1998  (40  total 
nests)  because  of  the  la^e  numbers  of  nesting  attempts  io  nest  boxes  (Table  2-3).  The 

boxes.  SCNcavitynestsmoniloredduring  1996-1998  included  1 8 Great  Crested 


Table  2'3.  Nests  of  secondary  cevity*nesting  biixls  (Greal  Crested  Flycatcher  Tufted 
Thjnouse,  Eastern  BlueUrd,  Eastern  Screech*Owl)  found  in  uee  cavities  and  in  nest 
boxes,  both  before  (1996)  and  after  (1997-1 998)  treatments  applied.  Carolina  Wren 
nests  are  not  included  because  they  nested  only  in  nest  boxes. 


Posl-lreatmenl  years 
1997  1998 

Cavity  Box  Cavity  Box 

Control  plots  (n  = 4)  4 — 3 — 3 — 

Nest  box  plots  (n  = 4)  5 — 3 4 2 15 

Burned  nest  box  plots  (n  = 4)  4 — I 16  1 19 

Totals  13  — 7 20  6 34 

' Nest  boxes  not  available. 


Efisuni  BIu 


Flyotther  nrats,  6 Tufted  Tilnwu 
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Nest  totals  also  Indicated  that  nesting  activity  on  NB  plots  lagged  behind  that  on 
BNB  plots;  SCN  birds  made  little  use  of  nest  boxes  on  NB  plots  until  1 998,  the  second 


Numbers  of  SCN  birds  recorded  during  the  breeding  season  increased  significantly  on 
treated  plots  after  nest  boxes  were  introduced.  The  number  of  SCN  nesting  attempts 
observed  on  treated  plots  also  increased  several  fold.  Togetber,  these  data  indicate  thal 
cavities  were  in  short  supply  before  nest  boxes  were  introduced.  Populations  of 
excavalor  species  did  not  increase  because  they  did  not  use  nest  boxes  for  nesting  during 
the  course  of  the  study. 

increases  in  SCN  numbeis  are  even  more  striking  in  li^t  of  the  modest  decreases 
that  occurred  coocuirenlly  oo  control  plots  (Fig.  2-2).  Because  control  plots  were  not 

randomized,  replicated  experimental  design  suggests  that  SCNs  would  have  declined  on 
other  plots  if  nol  treated  with  boxes.  It  is  very  unlikely  thal  SCN  birds  moved  from 

the  lettiiorysizesofthese  species  (Grubb  and  Pruvosudov  l994,Unyon  1997,  Qowaty 
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and  Pli&sner  1996).  Even  if  some  individuals  did  move  between  plots,  the  slight  decline 
In  mimbcr  of  cavity  nests  on  control  plots  (from  C in  1 996  to  3 in  each  of  the  following 
yeats;  Table  2-3)  cannot  account  for  the  large  increase  In  the  number  of  total  nests  on 
treated  plots  during  1997- 1 998. 

Interspeciric  Variation  ia  SCN  Nest-site  Limitation 

Population  tesponse  to  nest  boxes  by  individual  species  ranged  from  moderately 
high  (Groat  Crested  Flycatcher)  to  low  (Eesiem  Bluebird)  to  no  response  at  all  (Carolina 
Wren).  Two  factors  probably  account  forinterspecIGc  dilTeiences  observed  in  this  study: 
dIGerent  levels  of  reliance  on  cavilies  excavaled  in  snags  and  differences  in  local 
population  densities. 

Great  Crested  Flycatcher 

Great  Crested  Flycatchers  responded  more  favorably  to  the  addition  of  nesl  boxes 
in  pine  plantations  than  did  Tufted  Titmice  and  Eastern  Bluebirds,  suggesting  that  they 
probably  were  more  nest-site  limited  than  the  other  two  ^ecies.  Similarly,  Brush  (1983) 
found  dial  the  congeneric  Ash-lhroaled  Flycatcher  (W.  cmerasceia)  increased  from  0 to  3 
breeding  pairs  after  20  nesl  boxes  were  added  to  a 16-ha  plot  of  riparian  forest  that  was 
devoid  of  cavities.  Waters  et  ol.  (1990)  found  no  evidence  of  nest-site  limitation  for  Ash- 
throated  Flycatchers  in  a mature  oak-pine  woodland  with  abundani  cavities  (nearly  S per 


Nest-site  limitoUon  in  the  Great  Cresled  Flycatcher  was  probably  related  to  its 
dependence  on  woodpecker-excavated  cavilies  for  nesting;  only  1 of  the  IS  (694)  cavity 
nests  that  I monitored  was  in  a natiuil  crevice  in  a living  tree  (see  also  Chapter  4). 


when  they  ue  ovsiloble  (pets,  obs.;  Uiiyoii  I »7),  bul  such  uviiiu  did  nol  occur  in  35- 
40  yr-old  slash  pine  trees.  Similarly,  in  ponderosa  pine  {P.penderotaX  SCN  species  that 
ncelcd  almost  exclusively  in  previously-excavated  cavities  in  snags  (i.e.,  Violel-gieen 
Swallows,  Tachyctneia  itiatassina;  Pygmy  Nuthatches,  Sillo  pygrmect^  Western 
Bluebiids,5io//t7  mexieana)  exhibited  greater  population  responses  to  nest  boxes  than 


Tuned  Titmouse 

The  Tufled  Titmouse  increased  in  numbers  following  the  introduction  of  nest 
boxes  but  not  as  dramatically  as  did  the  Great  Crested  Flycatcher.  Tlie  propensity  of 
Tuned  Titmice  to  nest  in  natural  cavities  in  live  trees  may  partially  explain  why  they  did 

natural  cavities  formed  between  forked  pine  trunks  (see  also  Chapter  4).  "nte  Tufted 
natural  cavities  than  the  Great  Crested  Flycatcher. 


rarely  used  nest  boxes.  Nest  searche.t  Indicated  that  Carolina  Wrens  typically  built  nests 


ufted  Titmice. 


Oiber  Factors  PoooTitlly  LimiliDg  Cavily-Nestiog  Bird  Papulations 

Breeding  populaiJons  of  eavity*nesting  birds  poieniinJly  can  be  iimJied  by  olbet 

boxes  increased  Bom  lOK  b the  first  year  of  their  ivaiiabiiity  to  5SH  in  the  fourlbyear 
(Brawn  and  Baida  I PBS).  Nest  box  occupancy  rates  in  oak-pine  woodionds  in  CaUfonija 
increased  from  25%  in  the  flrst  year  to  68%  in  the  sixth  yearfPiirceil  el  al.  iP97}.  Ina 
nest-box  study  of  Barrow’s  Goldeneyes  (BrrcepAaio  is/errrdreoX  Saverd  |I98S)  fouad  that 


attributed  this  to  2-yr-old  du 
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)'um  because  ofexiensive  tree  cutting  la  several  nest-box  plots  during  1909-2000. 


end  round  thu<13K  of  nest  boxes  were  occupied  by  SCNsin  the  third  and  founh  yeat 


(unpubi.  data)  demon 

Woodpecken  and  Gn 
(pets.  obs  ).  The  iargc 


nt  individuaJs  from  breeding.  For  example,  territory  mapping 
rated  that  Great  Crested  Fiyeaicber  Icrrilories  were  lately 
esu  that  available  habiial  was  not  limiting.  Interretence 


I Crested  Fiycaichers  at  Red-beilied  Woodpecker  nest  cavities 


tapproximately  two-thirds  of  the  total  each  year)  also  suggested  little  potential  for 


Bnwn  and  Baida  (1988)  concluded  that  a ^ven  5CN  population  was  fiest'Site 
limited  only  if  it  was  dependent  on  cavities  eKcevaied  in  dead  wood  by  primary  cavily- 
nesters.  Results  of  this  study  conArm  this  pattern;  species  that  were  opportunistic  in  theii 
choice  of  nest  sites  were  iess  likeiy  to  exhibit  population  responses  to  the  introduction  of 
nest  boxes.  Two  factors  are  at  play  in  deteimbing  a particular  species’  reliance  on 
cavities  created  by  excavators:  whether  naturai  cavities  (i.e..  those  not  excavated  by  other 
birds)  of  a suf^cient  size  are  availabie,  and  whether  ha  aest*site  preferences  are 
generaiized  enough  to  allow  h to  use  the  types  of  oaturai  cavities  and  crevices  available. 
The  natural  cavities  available  in  pine  trees  were  apparently  ofinsufficiem  size  for  most 
Great  Crested  Flycatchers. 

Nesl'Sile  limitation  should  not  be  assumed  for  all  cavity-nesting  birds  in  all  plant 
comoiunities  and  locales.  Waleiaet  aJ.  (1990)  found  no  evidence  lhal  any  SCN  species 
was  limited  by  cavity  availability  in  an  oak -pine  woodland  in  California  that  hod 
abundant  natural  cavities.  Brawn  and  Baida  ( 1 988)  found  dial  three  SCN  species  were 
limited  by  nesi-sile  availability  in  two  open  stands  of  ponderosa  pine,  but  they  found  no 
evidence  of  nest-site  limilatiisn  in  a relatively  dense,  umnanaged  stand  that  comained 
more  oaks  and  more  snags.  Natural  cavities  formed  foam  decay  are  much  more  abundam 
in  hardwood  trees  than  in  conifers  (Waters  el  al.  1990)  and  tree  density  and  tree  age  are 
posiIivelycorrelatedwithcsvitydensity(vanBalenetal.  1982).  Thus,  it  follows  that 
SCN  densities  are  more  likely  to  be  limiied  by  nest  sites  in  young  forests  and  in  forests 
dominated  by  conifers. 


SCN  birds. 


CHAPTERS 

NESTING  SUCCESS  OF  THE  GREAT  CRESTED  FLYCATCHER 
IN  NEST  BOXES  AND  IN  TREE  CAVITIES: 

ARE  NEST  BOXES  SAFER  FROM  NEST  PREDATION? 


Riccoons  nuy  not  visit  nest  boxes  the  Erst  year  or  two  after  they  are 
erected.  But  it  is  the  usual  experience  that  one  eventually  will  investigate 
and  discover  a nest  of  eggs.  Thereafter,  it  apparently  seeks  eggs  in  each  box 

— L.  M.  Llewellyn  and  C.  G.  Webster  (1960)  Born  "Raccoon 
Wildlife  Natural  Resources  Conference  2S:I80-I8S. 


Omilhologists  have  used  nest  boxes  to  study  cavity-nesting  birds  for  more  then  70 
years.  Mucdt  of  what  is  known  about  avian  life  histories  and  population  dycaioics  is 


1984,  l986:Moller  1989;  Purcell  etal.  1997).  However,  rigorous  Eeld  tests  of  this 


I reproductive  paramete 


1992),  while  ignoring  spatial  and 


: (Lundberg  t 


1992,  Kuiti 


ofoestpredaTon.  For  example,  Kuilenen  end  Aleknonis  (1992)  compared  dbsI  successor 
Common  Treecreepere  {Certhiajamiliaris)  breeding  in  nest  boxes  in  Finland  overa9' 
year  period  versus  those  breeding  m natural  cavities  in  Lithuania  over  a 27-year  period. 
Few  srudies  have  compared  nesting  success  of  birds  using  nest  boxes  versus  tree  cavities 
in  the  same  locality  during  the  same  time  period. 

Although  some  studies  have  found  higher  nesting  success  in  nest  boxes  than  in 
tree  cavities  (Nilsson  1975,  1986;  East  and  Perrins  19881,  other  studies  have  reported  no 
difTerences  between  tree  cavities  and  nest  boxes  (Robertson  and  Rendell  1990.  Gehibach 
1999)  or  greater  nesting  success  in  cavity  nests  than  in  nest  boxes  (Ritter  et  aJ.  1978). 
Moreover,  when  differences  between  nest  boxes  and  natural  sites  ate  found,  they  oAen  do 


over  space  and  time  between  nest  sites  (e.g.,  for  the  European  Nuthatch,  Stua  turopaea: 
NilssoQ  1975.  1984.  1986;  Korpimaki  1984;  Alatalo  et  al,  1988;  East  and  Perrins  1988). 

SH^lhifl  a particular  locality,  nesi  boxes  and  tree  cavities  can  differ  in  several 
lespecls  lhal  are  typically  not  measured.  Because  nest  height  (Nilsson  l984,Liand 
Marlin  1991)  and  microhabital  slruciuie  (Belles-lsles  and  Pieman  1986.  Finch  1 989)  can 
influence  reproductive  success  in  cavity-nesting  birds,  comparisons  between  nest  boxes 
and  tree  cavities  can  be  misleading  if  uesl  boxes  are  not  placed  at  similar  heighls  and  in 


cies  within  a parficuJar  study  area  (Nilsson  1 984, 


My  objective  in  this  study  was  to  compote  nesting  success  of  the  Great  Crested 
Flycatcher  (Myiarchus  irinHus)  in  nest  boxes  and  in  tree  cavities  In  the  same  habitats 
during  the  sameyeais.  By  studying  coexisting  iiulividuals.  I eliminated  spatial  and 
tempotaJ  biases  in  my  comparison.  I also  measured  microhabiiat  characteristics  at  all 
nests  to  verify  the  similarity  of  nest  boxes  and  cavity  nests  and  to  assess  the  mfluence  of 
these  nest-site  characteristics  on  nest  success. 

Mulhods 

i conducted  my  study  in  3S-40  yr-old  slash  pine  {Pima  elliollii)  pluniadons  at 
Camp  Bianding  Training  Site,  a Florida  Army  National  Guard  facility  in  northern 
Florida.  My  field  assistants  and  I monitored  nests  in  tree  cavities  on  twelve  IC-ha  pine 
plantation  study  plots,  one  8-ha  pine  plantation  study  plot,  and  one  I S-ha  pine  plantation 
that  included  small  patches  of  turkey  oaks  (^rrercris  /navis).  Eight  of  these  study  plots 
were  augmented  with  nest  boxes.  All  1 4 study  plots  were  even-aged  pine  stands  locitbg 
a well-developed  understory  (sec  Chapter  2 for  further  description  of  the  study  plots). 
Density  ofsianding  dead  trees  (snags)  in  these  stands  tanged  from  13  to  19  per  ha. 

The  Great  Crested  Flycatcher  was  the  most  common  secondary  cavity-nesier  (i.e., 
non-excavator)  species  on  the  study  area.  A single-brooded  Neotropical  migrant,  it 
returns  to  the  study  area  each  year  during  the  last  week  of  March  and  begins  building 
nests  in  mid-to-latc  April. 


cm  diunelerl  designed  lo  aceommodnle  Creal  Cresled  Flycatcbeis.  Although  the 
cnimnce  hole  was  of  sufficient  size  to  allow  use  by  smallec  species,  including  the  Tufted 
Titmouse  (Boeolophm  btcolor),  Carolina  Wren  (Thryoihoruji  iudovicianus).  and  Eastern 
Bluebird  {Sialia  slalts),  the  Greet  Crested  Flycatcher  was  the  only  species  that  used  nest 
boxes  in  luge  mimbeis  (see  Chapter  2).  I placed  nest  txtxes  on  eight  nest-box  plots  (20 
nest  boxes  per  plot)  during  February-March  1997.  Withb  each  plot.  I placed  boxes  on 

is  often  preferred  by  many  cavity-nesting  bird  species  (e.g.  Conner  1 975.  McEIUn  1979, 
McForlone  1992,  Rendell  and  Robeitson  1994).  To  niiniirtize  microhabiiot  differences 

by  vegetation  for  >1 .5  m in  all  directions  (above,  below,  laterally). 

the  Great  Crested  Flycatcher  were  placed  on  the  same  study  plots  during  Febniaiy-March 
1 997.  These  oest  boxes  were  designed  for  the  Tufted  Titmouse  and  Carolina  Wren. 

Only  d weie  used  for  nesting  dunng  1 997- 1 999, 

Nest  Box  Mooiloring 

I visited  escdi  nest  box  once  eveiy  10-14  d in  April  and  May  and  once  every  14-21 
d in  lune  and  early  July.  High  nest  boxes  were  reached  with  an  sluniinum  extension 
ladder.  As  soon  as  I found  nesting  activity  by  Great  Cresled  Flycatchers  in  a nest  box,  I 


) recorded  all  oilier  specie 


because  flying  squinels  and  Great  Crested  Flyc 


boxes  versus  tree  cavities.  Because  flying  squirrels  ore  also  potential  nest  predators,  I 
counted  all  squirrels  observed  in  each  nest  box  during  monitoring  visits  to  assess  if  flying 


bingladden. 
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monitored  with  & video  probe  mounted  on  a telescoping  fiberglass  pole  (TieeTop  D, 
Sandpiper  Technologies,  Inc..  Manteca.  California.  USA).  I considered  nestlings  to  have 
fledged  if  they  were  alive  when  checked  within  Id  of  expected  fledging  and  subseiiuenl 
checks  showed  no  evidence  of  predation  or  disturbance  to  the  nest  (Marlin  el  ah  1997).  I 
visited  oesi  leiriiories  typically  within  1-2  d after  the  expected  date  of  fledging  to  anempi 
visual  confirmation  of  the  fledglings. 

Analyses  of  nesting  srrccess  included  dala  only  from  nests  in  which  at  least  one 
egg  wss  laid.  In  analyses  of  nesting  success  for  the  Great  Crested  Flycatcher,  I used  1 4d 
and  ISd  forthe  length  of  the  incubation  and  nestling  periods,  respectively  (unpubl.  data; 
Taylor  and  Kershner  1991).  The  day  the  last  egg  was  laid  was  considered  the  first  day  of 
incubation.  For  cavities  that  I could  not  inspect  (U.,  some  veiy  high  nests  in  1997),  I 
estimated  the  first  doy  of  inoubation  thmirgh  observations  of  parental  behavior  at  the  nest 
(Manin  and  Geupel  1993).  I considered  a nest  to  be  successful  if  h produced  r I 
fledgling  1 calculated  nesting  success  rates  with  the  Mayfield  method  (Mayfield  1961. 
I97S)  as  modified  by  Heosler  and  Nichols  (1981).  Nesting  success  rates  forthe 

determine  overall  success  forthe  entire  nesting  period  (Henslerand  Nichols  1981, 

Hensler  1 983).  I tested  for  dlfl'erences  in  nesting  success  between  years  and  between  nest 
types  with  one-tailed,  standard  nomial  Ztesls  (Hensler  and  Nichols  1981,  Hensler  1985). 


I (Off  1988)1 
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on  siudy  plots  between  1 997  end  1 998.  I tested  for  changes  in  (a)  the  nuntbcr  of  nest 

Todeiemiine  if  micrahabitat  differences  existed  between  nest  boxes  veisus  tiee 

Within  S n>radKis  (0.01  ha)  cirouiar  plots,  I measured  percentage  of  bare  ground, 
percentage  of  ground  covered  by  grass,  percentage  of  ground  covered  by  shrubs,  average 
shrub  height,  average  palmetto  height,  and  mimber  of  saplings  (stem  diameter  2.5-8  cm). 

cm  dbh),  total  basal  area  (m’/haj.  canity  height,  and  midsloiy  height.  Methods  for 
collecting  habitat  data  follow  Martin  et  al.  (1997).  Heights  of  nest  cavities  were 
measured  with  a clinometer.  I used  Kruskal- Wallis  tests  (MthflTAB  Inc.  1995)  to 

of-variance  (MANOVA)  tests  to  compare  raicrohabitat  variables  around  nest  sites. 


During  two  breeding  seasons,  I monitored  a tolal  of  59  Great  Crested  Flycatcher 


i by  the  Red-bellied  Woodpecke 


1 Flicker  (Co;<vue 


(Melanerpes  earahim)  i 


Twectylbur  of  39ne«5  (41%)  produced  ei  least  one  fledglioB. 


ncsls(0-385  e0.06;Z- 0.22, />•  0.41).  Hoivcver,  differenees  were  sp 


Overall  Mayfield 


eslioiaies  of  annual  nesibg  success  were  compared  (Table  3-1).  In  1997.  nesting  success 
was  Ngher  in  nest  boxes  (0.$3 1 ) than  in  cavities  (0.332;  P = 0.039).  wbercas  in  1998 
nesting  success  was  lower  in  nest  boxes  (0.260)  than  in  cavities  (0.415;  P ^ 0.078;  Table 

Withio  nest  boxes,  nesting  success  dropped  from  53%  in  the  first  year  to  only  26%  intbe 
second  year  (F  - 0.001)  due  to  lower  nest  success  during  the  incubation  period  (Table  3- 
2).  1 was  unable  to  continue  the  experiment  for  additional  years  because  of  extensive  tree 
cuning  in  several  nest-box  plots  during  1 999-2000. 

Nest  boxes  that  were  reused  for  a second  time  were  more  likely  to  fail  than  nest 
boxes  being  used  for  the  first  time.  Six  of  the  nest  boxes  used  by  Croat  Crested 
Flycatchers  in  1 998  had  been  previously  used  for  nesting  either  by  conspecifics  or  by 
Tufted  Titmice.  Only  I ofthesed  (17%)was5uccessful.  while  S ofl4  (36%)nest  boxes 
that  had  not  had  previous  use  were  successful. 


1 29  of  35  (83%)i 


Table  3- 1 . Mayfield  nesUng  success  rales  of  Ihe  Oreal  Crealed  Flycaieher  in  reel  buses 
and  in  tree  cavities,  Camp  Blanding  Training  Site,  I997-199S. 


Nest  boses 


Tree  cavities 


0.531  (0.057) 
0.332  (0.097) 


20  0.260  (0.069) 

17  0-415  (0.085) 


.is  im< 
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am  b a snag  in  1 998).  In  1 997.  prior  to  obtaining  the  video  probe.  I was 
unable  to  deieiitiine  cause  of  nest  failure  fori  nests  in  high  tree  caviliea. 

Documented  nest  predators  of  Great  Crested  Flycaicbers  included  the  southern 
flying  squirrel  and  com  snake  {Elaphe  guilaia).  Flying  squirrels  preyed  on  3 Great 
Crested  Flycatcher  nests  during  Ihe  incubation  period.  In  each  case,  the  eggs  were 

previous  nest  check.  In  addition,  many  depredated  nests  in  nest  boxes  were  disturbed  in  a 
similar  fa^on  during  the  incubation  period  but  squirrels  were  not  subsequently 
observed.  Com  snakes  preyed  on  2 flycatcher  nests,  one  containing  five  12Klay-old 
nestlings  and  the  other  containing  three  1 3-day-old  nestlinp;  in  each  case,  the  snake 
remained  in  the  boa  for  two  or  rnore  days  after  consuming  the  nestlings.  Altbou^ 
yeltow  rat  snakes  {Elophe  obsoleta).  were  not  observed  preying  on  Greel  Crested 
Flycaicber  oesUings  during  the  study,  they  were  known  to  prey  on  Red-bellied 
Woodpecker  nestlings  in  the  study  area  (pets.  obs.).  Other  potential,  but  rtol  dociunenled, 
nesl  predators  in  the  study  area  included  conon  mice  {Peromysais  gosfypmus)  and  Blue 
HytiCycnocUucrtitma). 

Despite  the  prevalence  of  flying  squirrels  in  nesl  boxes  (see  Chapter  2),  I found 
no  evidence  that  flying  squirrel  populations  mcreased  during  the  courac  of  the  study.  The 
maximum  number  of  flying  squirrels  counted  in  each  plot  during  the  peak  Great  Crested 

(Wilcoxon  signed-rank  test,  P>  0.50).  The  number  of  nest  boxes  occ 


cupied  by  flying 


yean  (Wilcoxon  signed-rank  lest.  P > O.SO). 

High  and  low  nest  boxes  were  used  by  Great  Crested  Flycatchers  in  similar 
proportions  io  1 997  and  1 998  (Fisher's  exoct.  P - 1 .00).  The  ratio  of  successitd  to 
unsuccessful  nests  did  not  differ  between  high  and  low  ncsi  boxes  (Fisher’s  exact,  P = 
I.DO).  Height  ofcavity  nests  did  not  differ  betweeo  years  (Kniskal- Wallis,  ff  • 0.S7,  df’’ 
I , F • 0.45)  or  between  successful  and  unsuccessful  nests  (Kruskal- Wallis,  H • 0.65,  df  - 
l,/'  = 0.42). 


and  tree  cavities  (MANOVA,  Wilks  Lambda  0.650,  ? °0.35).  I found  no  evidence 
year  in  micrahabitat  stmciuie  (MANOVA,  Wilks  Lambda  " 0.70S,  P • 0.43;  Table  3-3). 


I found  no  evidence  to  support  the  hypothesis  of  nest  boxes  being  inherently 
"safer"  or  more  protected  from  nest  predators  than  cavity  nests.  Nest  predarion  was  the 
most  common  cause  of  nest  failure  for  Great  Crested  Flycatchers  io  both  nest  boxes  and 
in  tree  cavities.  Although  nest  boxes  experienced  little  nest  predation  in  1997,  they  vrere 
Nesting  success  in  nest  boxes  decreased  to 


: predators  io  1998. 
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Table  3-3.  Microhabiui  struciure  around  nerd  boxes  used  for  nesting  by  Great  Crested 
Flycatchers  over  a 2-yr  period. 

1997  1998 

Microhabitai  variable  (n*l2)  (n*2l) 


Gieund  covered  by  bare  sol]  (%)  2{1)*  3(1) 

Ground  covered  by  grass  (K)  11(d)  ld(3) 

Ground  covered  by  shrubs  (%)  19(4)  13(3) 

Shrub  height  (ID)  IJ(O.l)  1. 1(0.1) 

PalmeRo  height  (m)  0.6  (O.d)  0.8  (0.5) 

No.  of  saplings  (2.5-8.0  cm  dbh)  per  0.4  ha  2.0  (1.3)  3.4  (1 .0) 

No.  ofstnali  diaineler  trees  (8-15  ent  dbh)  per 0.4  ha  8.4<l.0|  10.9  (1.6) 

Toul  basal  area  (m'/ha)  22.7(2J)  24.3(1.1) 

Canopy  height  (nt)  19.5(0.4)  18.7(0.4) 

Midslory  height  (m)  9.6(0.8)  10.7(0.5) 


Meas(SE). 


period  (Table  3-2). 

Diiecr  evidence  of  nest  predation  by  flying  squiireis  was  confuted  to  Ibe 
incubation  peKod.  Although  direct  evidence  of  flying  squirrel  predation  was  limited  to  3 
nests,  circumstantial  evidence  (ie.,  type  of  disturbance  to  the  nest)  suggests  that  flying 

occurred  during  the  incubation  period.  Although  othets  have  speculated  that  flying 
squirrels  are  important  predators  on  Great  Crested  Flycatcher  nests  (Lanyon  1997,  While 
and  Seginak  2000X  this  study  is  the  lirsl  confirnied  report  of  nest  predation  on  the  species 
by  flying  squirrels.  Rying  squirrels  have  been  reported  as  predators  of  the  eggs  of  other 
caviiy-nesling  birds  including  Black-capped  Chickadees  iPoecile  oiricaplllus;  Siabb  cl  il. 
1 9S9)  and  Rcd-cockaded  Woodpeckeis  (/’icorifes  boren/is;  R.  Connor,  pors.  comm.;  J. 
Kappes,  pets.  comm.). 

Snakes  ate  generally  found  to  prey  on  cavity  nesu  during  Ibe  nestling  period  and 
not  during  the  incubation  period  (Laskey  1916;  Jacksoo  1970,  1977:  Hensley  and  Smith 
1986;  Eicbholz  and  Koenig  1992).  Taylor  and  Kershner  (1991)  reported  rwo  instances  of 
piedaiion  by  snakes  on  Great  Crested  Flycatcher  nests,  one  on  a nesi  conlainbg  3 ‘’nearly 
fledged”  nestlings  and  one  on  a nesi  comaining  2 nestlings  less  than  I week  old. 

Similarly,  in  this  study,  direct  evidence  ofnesl  predaiion  by  rai  snakes  was  reslricicd  lo 

responsible  for  the  high  level  of  egg  depredation  in  nest  boaes  during  the  second  year  of 


the  study. 


Ncsi-sile  chiracurisilcs 

Nesi  boxes  and  tree  cavity  nests  did  not  differ  in  height  oi  in  any  miciohobital 
variable  that  would  influence  nest  concealntent,  nor  did  these  variables  differ  between 
years.  Thus,  lower  nest  success  in  nest  boxes  cannot  be  attributed  to  a difference  in  the 
accessibility  or  conspicuousness  of  these  sites  to  predators,  either  between  nest  sites  or 
between  years.  This  is  perhaps  not  surprising  given  the  even-aged,  homogeneous 

Niysieal  dimensions  of  the  nest  cavity  did  not  appear  to  be  responsible  for 
predalion  differences.  Although  I was  unable  to  measine  the  siae  end  shape  of  all  tree 
cavities  used  by  Great  Crested  Flycatchers  (i.e..  many  were  too  high  to  be  inspected), 
most  cavities  were  old  Red-betlied  Woodpecker  cavities,  whose  openings  tanged  from 
S.0lo5.7cmindiameter(impubl.daU;  Jackson  I976i  Shackelford  et  al.  2000).  Larger 
enlrance  holes  have  been  found  to  afford  mammalian  predators  greater  access  to  cavity 
nests  (Sonenid  198Sa),  but  predation  rates  were  highest  in  nest  boxes,  which  had  smaller 
entrances  (S.  I cm  diameter)  than  most  Iree  cavity  nests.  Obviously,  temporal  differences 
in  nest  pmdalion  io  nest  boxes  were  not  influenced  by  cavity  entrance  siae  becaise  all 
boxes  had  the  same  size  entrance  hole. 

Ecioparasiie  loads  can  sometimes  be  greater  in  older  near  sites  Supporting 
evidence  for  the  effect  of  eciopsmsite  loads  on  nest  success  is  equivocaJ,  vrith  some 
srudjes  finding  ecloparasite  loads  and  nesting  success  inversely  correlated  (Moller  1990, 
Rjchncret  aJ.  1994,  Ulaey  aitd  Hepp  1997)  while  others  finding  no  reialiottship  (Moppes 


elal.  1994,  Rendcll  and  Vcrbeek  1996,  Darolova  al,  1997).  Ilegardiess.  ecioparasite 
loads  could  noi  accoum  for  Ihe  differancas  in  nesi  success  in  near  boxes  during  die 
second  year,  because  ( I)  nest  boxes  were  thoroughly  cleaned  of  nesting  debris  in  the 
intervening  winter,  (2)  the  majority  of  nest  failure  occurred  because  of  predation  on  eggs. 

Because  flying  squirrels  most  and  den  in  cavities,  I assessed  whether  the 
avaiiability  of  nest  boxes  incressed  the  density  of  flying  squirrels.  Any  increase  in 
squirrel  densities  would  increase  the  orlds  of  a squirrel  opportunisticaJly  encountering  and 
raiding  a flycatcber  nest.  However,  the  numbers  of  flying  squirrels  using  nest  boxes  rlid 
not  change  between  years.  Moreover,  squirrels  oceupied  the  same  Dumber  of  nest  boxes 
each  year,  indicating  no  increase  in  the  movement  of  squirrels  among  nest  boxes  in  I99g. 
Squirrels  not  using  nest  boxes  were  not  counted,  but  squirrei  use  of  nest  boxes  is  likely 
correlated  with  the  total  density  of  squirrels  on  study  plots  because  of  the  large  number  of 
boxes  unoccupied  by  flying  squirrels  (Chapter  2). 

Several  researchers  have  demonstialed  a positive  corelalion  between  tbe  risk  of 
nest  predation  and  the  age  of  a nest  site,  both  wUhin  (Nilsscm  et  al.  1991)  and  ncrotj 


that  excavate  new  neat  cavities  have  lower  rales  of  nest  predation  then  noo^excavatom 
that  rely  on  old  cavities  for  nest  sites.  One  of  the  mechanisms  behind  this  partem  is  that 
nest  piedalors  may  be  more  cognizani  of  the  locations  of  older  nest  sites.  Previous 
studies  have  shown  that  nest  predation  by  mammals  increases  with  the  age  ofa  nest  box. 


Jietyof. 


ofprallisble 


(1991)  observed  a small  (S6cm  ill  length)  rat  snake  ukijig  a Great  Crested  Flycatcher 
boa;  they  speculated  that  the  snake  made  mum  visiu  to  the  nest  because  of  its  relatively 


, Dugget  et  ai.  1999).  When  researche 


luidenake  compfirisons  of  breeding  ecology  in  nesi  boxes  versus  Tree  cavities,  it  is 


with  the  age  of  a nest  box.  The  predictable,  perTnancnt  locations  of  neat  boxes  nu 


cavities  (Soneiud  I9K5a.b.  1989,  1993).  Further  research  is  needed  to  identify  the 
factors  ••  iocluding  Type  of  predators  (mammalian  vs.  snake  vs.  avian),  avaUabilily  of 
alteroalive  prey  in  the  study  area,  persistence  limes  of  natural  nest  cavities  in  the  study 
area  ••  tfaet  determine  how  nest  predators  will  respond  to  nest  boxes.  For  example, 
predation  by  martens  on  Boreal  Owl  nests  appears  to  be  influenced  by  the  abumlance  of 
alternative  prey;  in  a study  area  with  low  rates  of  nest  predation  (S3()  and  abundam 
microtine  rodents,  Korpimaki  (1987)  found  little  relationship  between  nest  box  age  and 
predallcei  rates  by  martens.  Researchers  should  lake  advantage  of  the  oj^rtunitylo  use 
nest  boxes  to  study  mechanisms  of  nest  predation  and  their  reievance  to  avian  life  hislory 
Iheoiy.  1 predict  that,  within  a given  area,  nest  predation  rates  in  nest  boxes  will  lend  to 
be  higher  than  those  in  tree  cavities  when  the  cavities  in  the  area  are  relelively  short*lived 
(i.e.,  they  do  not  persist  ss  long  as  the  nest  boxes)  and  the  nest  predators  in  that  area  are 
BufficieiUlyreiianl  on  bird  eggs  and  nestlings  as  an  important  pan  of  their  seasonal  diet. 

To  conclude  that  reproductive  paiamelers  obtained  from  nest-box  studies  are  not 
representative  of  birds  nesting  in  tree  cavities  (Moller  1989)  is  to  ignore  the  spatial  and 
temporal  variation  Ihxt  exists  everywhere  in  nature.  'Tree  cavities'  are  not  one  static  set 
of  idealized  conditions.  Cavities  used  by  a given  species  can  vary  considembly  within  a 


study  aeaor  Bcross  its  range  in  their  height,  age,  volume,  hardness,  structurai  integrity, 
auessibiiity  to  predators,  and  b the  densities  at  which  they  occur.  Nest  boxes  are  useful 
tools  that  allow  the  manipulsMon  of  many  of  these  factors  in  controlled  experiniems,  thus, 
facilitating  the  study  of  particular  mechanisms  or  ecological  relationships  that  otherwise 
would  be  difhcult  or  nearly  impossible  to  study  (Koenig  etal.  1992),  The  use  of  nest 
boxes  in  carefully  designed  experiments  to  study  nest  predation  and  its  relevance  to  avian 
life  history  theory  should  be  increased  rethcr  lhan  decreased. 


CHAPTER  4 

LIFE  HISTORY  TRAITS  IN  CAVITY-NESTING  BIRDS: 
WHY  IS  NESTING  SUCCESS  GREATER 
IN  EXCAVATORS  THAN  IN  NON-EXCAVATORS? 


excavaton)  and  depend  inslead  on  naiumi  holes  or  those  created  by  excavators. 
Traddionelly.  studies  that  have  compared  aspects  of  nesting  ecology  from  a life  hjsioiy 
perspeaive  have  grouped  all  cavity-nesting  bird  species  as  a single  oesi  type  (Lack  1 954, 
I96S;  Nice  195?;  Ricklefs  1959)  or  have  focused  only  on  non-excavators  and  attributed 
their  life  hisioiy  traits  to  all  cavity  neaiers  (Nilsson  1984,  1986).  However,  Li  and  Martin 
(1991 ) studied  a suite  of  excavators  and  a suite  of  non-exeavators  coexisting  in  time  and 
space  and  demonsualed  that  non-excavalors  suticied  higher  nest  failure  than  did 
excavators.  Martin  and  Li  (1992)  suggested  that  life  history  traits  vary  consistently 


npis  per  year. 


bi  Arizona,  Li  and  Mailiji  (1991)  found  Ihal  non-cxcavators  ( I ) nosled  al  lower 


heighla,  (2)  had  greater  near  concealmeni,  (3)  uaed  older  nest  cavities,  and  (4)  tended  to 
have  smaller  body  size  than  excavators.  Li  and  Martin  (1991)  reasoned  that  each  of  these 
factors  would  afford  nest  predators  increa.sed  access  to  the  nest  or  increased  ability  to 
overwhelm  parental  defenses  al  the  nest,  but  these  assumptions  were  not  directly 
investigated.  Moreover,  those  four  facloia  wem  oil  inter-correlated  In  their  study,  making 
it  difficult  to  distinguish  t^ch  factors  were  more  imporuol  than  others.  For  example, 
nests  that  were  lower  were  also  more  concealed  by  undersiory  vegetalion. 

Predation  pres,sure  and  other  environmental  condittons  can  vary  amoss  localities. 
Nesting  success  can  vary  among  different  locales,  each  with  different  nesting  subsuates, 
different  suites  ofoesl  predators,  as  well  as  different  cavjty*ne5ting  birtf  species.  I report 
here  the  results  of  a study  of  nesimg  success  and  other  life*hislory  traits  for  a suite  of 
excavators  and  a suite  of  non-excavatois  coexisting  in  managed  pine  forests  of  the 
Southeastern  Coastal  Plabi.  My  objectives  were  { I ) to  conffim  the  proposed  panem  of 
differential  nest  success  and  nest  predalian  between  excavators  and  non-excavators;  snd 
(2)  Id  assess  the  importance  of  environmental  correlates  that  have  been  suggested  as 
determining  di^eremial  nesi  success. 


Methods 


Study  Site 

I conducted  my  research  al  Camp  Blending  Tmining  Site,  a Florida  Army 
Nalional  Guard  facility  encompassing  approximately  30.000  ha  in  the  sandhills  ofCiay 
County.  Florida.  My  field  assistants  and  I searched  for  nests  of  cavity-nesting  birds  in  a 


(lid)  mier^ned  with  longleafpine  IP.palusirls)  stands  (unevan-aged.  with  a signiliuiil 
coinpoiicmof>60  year-old  trees).  Most  neat  searehirg  was  focused  on  twelve  lO-ha 
plantation  study  plots,  one  B-he  plaoletion  study  plot,  and  one  16-ha  plantation  with 

of  plantaiiorts).  Understory  woody  species  were  generally  absent  in  meslc  sites  end 
usually  limited  to  scattered  turkey  oak  saplings  in  drier,  sandier  sites.  Shrubs,  which 
rarely  exceeded  heights  of  1 ,0-1,5  m (see  Table  3-3),  included  saw  peltnetio  (Serenoa 
repens),  gallberry  (Hex  glabra),  and  other  ericaceous  species. 

snakes  (Elophe  spp.),  southern  flying  squirrels  (Gloueomys  votans)  and  other  small 
mammals  (e.g.,  Peromyseus  gassypinus),  mesomommaJs,  and  corvids  (Blue  )ays, 
Cyonoetria  crislala;  Airterican  Crou^,  Corvur  brachyrbynchusy 


My  field  assistanu  and  I used  standard  field  methods  (Martin  and  Geupel  1993)  to 
search  for  cavity  nests  htuo  mid-March  through  early  July  of  1996-199B.  I rotated  nest 
search  visits  in  plantations  among  plots  and  dial  periods  (early  morning,  late  moming)  to 
maintain  comparable  search  effort  among  sites.  I monitored  nests  regularly  at  3-e  day 
mtervals  to  assess  nesting  status  (Martin  and  Geupel  1993,  Ralph  et  aJ.  1993).  Nests 

a light  and  dental  mirror  to  determine  clutch  size  and  nest  status.  During  1 996-1997, 


I from  the  ground  through 
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observallon  of  adull  beboviois  (e.g..  canying  nesl  iralerial  or  food  iolo  the  cavity:  Monin 
ondGcupet  1993,  [ioJph  el  ol.  1993.  Maninelal.  1 997),  although  some  uvilies  in  luger. 
more  stable  .mags  were  invesligalcd  with  Swedi^  sectional  tree-clicntniig  ladders.  In 
1 998,  most  cavities  edoi  high  were  monitored  with  a video  probe  mounted  on  a 
telescoping  fiberglass  pole  (TreeTop  II.  Sandpiper  Technologies.  Inc.,  Manteca, 
Califomia,  USA).  Sixteen  nests  were  monitored  opportunistically  in  1995  while 
establishing  study  plots  and  those  data  also  are  included  in  analyses. 

I did  not  actively  search  for  nests  of  the  Carolina  Wren  (Thryolhorus 
iudovicianus)  because  it  was  a "nooh-and'Cranny"  ncster  in  the  study  area,  weaving  its 
nests  into  palmetto  fronds  or  into  crevices  in  brush  piles,  trees,  and  shrubs. 

Determinarton  of  Clutch  Size,  Nesting  Period,  and  Nest  Success 

I determined  clutch  size  for  nests  that  were  accessible  by  ladder  or  by  video 
probe.  I used  published  information  (Hairison  l975,3ackson  1976,  Short  1982,  Ehrlich 
etnl.  1988,  Taylor  and  Kershner  1991,  Winhler  el  al.  1995)  to  estimate  the  length  of  the 

The  day  the  last  egg  in  a clutch  was  laid  was  considered  the  first  day  of  incubation 
for  all  species  except  for  Eastern  Screech-Owls  (Orur  otio),  which  were  examined  on  a 

nol  inspect  (i.e..  some  high  nests  from  1 996-1997),  I estimated  Ibe  Tirsi  day  of  incubation 
through  observations  of  paremal  behavior  at  the  nest  fManin  and  Gcupel  1993).  I 
considered  a nest  to  be  successAil  if  it  produced  1 1 fledgling.  1 considered  nestlings  to 
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have  fledged  iflbey  were  olive  when  checked  wilhin  Id  of  expecced  fledging  end 
subsequenl  checks  showed  no  evidence  of  predolion  or  distuibinoe  lo  Ihe  nesi  (Martin  el 
ai.  i997).  I visited  nest  lemiories  typicallh  within  i -2  d after  the  expected  date  of 
fledgiiig  ID  attempt  visual  confirniation  of  the  fledglings. 

I calculated  dally  survival  rates  for  the  incubation  and  nestling  stages  with  the 
Mayfield  method  (Mayfield  1961.  1 975)  as  modified  by  Hensler  and  Nichols  (1981). 
Because  daily  survival  rales  for  the  two  stages  did  not  differ  for  any  species  (standard 
noimalZlest.f  >0.05.  Appendix  B;  Hensler  and  Nichols  1981.  Hensler  1985),  I 

determine  overall  nesting  success  for  each  species. 


with  a clinometer.  I measured  nest  concealment  at  most  nests  in  1997  by  estimating  the 
percentage  of  the  nest  obscured  by  vegetation  fimn  a I m distance  to  Ihe  north,  east, 
south,  and  west  of  the  nest  at  nest  hei^l  (Martin  el  al.  1997).  Individual  tree  cavities 
were  monitored  to  assess  cavity  occupancy  throughout  the  coume  of  the  study  and 


CONTRAST  (Hines  and  Sauer  1 989)  lo  lest  for  diflemnees  in  daily  survival  probabllhies 


i (MINITAB  Inc.  1996). 


heights  of  successful  and  unsuccessful  nests  were  compared  with  Maiui' Whitney  tests. 
In  some  cases.  Red-bellied  Woodpeckers  mode  i 2 nesting  attempts  at  a given  nest  site 

analyses  of  nest  heights  versus  nest  success. 


Results 

Clutch  Sice  and  Ncstlog  Pbeoology 

I founds  total  of2S9  nests  of  II  cavity-nesting  bird  species  (scientiCc  names  in 
Table4-I).  Clutch  size  was  determined  at  131  (51K)  ofthese  nests.  Mean  clutch  size 
was  lowest  (3.0)  for  the  Red-bellied  Woodpecker  artd  highest  (4.9)  for  the  Carolba 
Chickadee  and  Great  Crested  Flycatcher  (Table  4-1).  Clutch  size  averaged  across  species 
was  4.24  : 0.73  (SD)  for  eaenvators  and  4.20  . 0.71  for  non-e«cavators  (Mann- Whitney, 
P'l.OO). 

Double  brooding  was  common  for  Red-bellicd  Woodpeckers  and  Eeslem 
Bluebirds,  with  Red-bellied  Woodpeckers  commonly  laying  their  second  clutch  in  the 
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Specie.! 

Clulchsize  No.broods  Incubetion (d)  NesUiii8<d) 

Red-bellied  Woixlpecker 

3.0  (2-5)  2 12  27 

Down^  WcxK4iecker 
Ptcoldes  pubescera 

4.5  (4-5)  1 12  21 

Hauy  Woodpeckec 
Picoides  vlllosus 

— ■ 1 12  28 

ColaplesBi^alm 

4.5  (4-5)  1 12  25 

CaraluiB  Chickadee 

4.9  (4-6)  1 12  16 

Brown-Keaded  Nulbalch  4.3  (4<5}  ) 14  18 


Sina  pusilla 
Wood  Duck 

_ 

Easlem  Screech-Owl 

3J  (2-4)  1 26  27 

Gieot  Crested  Flycatcher 
MymrchmcrInUu! 

4.9  (4-6)  I 14  15 

Tufted  Titmouse 

4.6  (4-5)  I 14  18 

Easlem  Bluebird 
Sialiasialis 

4 (4)  2 14  18 

uflicioil  dau. 


although  it  is  possible  that  the  Tufted  Titmouse  occasionally  raised  two  broods.  On  one 
occasion.  I observed  a Tufted  Titmouse  building  a nest  150  m fiom  an  earlier  successful 
nest,  but  Great  Crested  Flycatchers  usurped  the  nest  before  I could  conflim  ifthe  same  pair 
of  titmice  was  involved.  The  possibility  also  exists  that  some  Red-bellied  Woodpeckers 
may  have  attempted  to  raise  a third  brood  very  late  in  the  season,  but  nest  searching  and 
monitoring  duhng  August  was  outside  the  scope  of  this  study. 

Nesting  Success 

Mayfield  estimates  of  nest  success  were  generally  higher  for  excavator  species  thait 
for  non-excavator  species,  although  there  was  considerable  overlap  between  the  two  groups 
(Table  4-2).  Mean  nesting  success  (•  SD)  averaged  across  species  with  a3  nests  was  61% 
(range;  41-75%)  for  5 excavalor  species  and  40%  (range:  13-63%)  for  4 non-excavator 
species  (Table  4-2;  Mann- Whitney.  F = O.M).  Daily  survival  rales  of  excavators  did  not 
differ  front  daily  survival  rales  of  non-excavators  (x^  = 2.44,  df  = 1,F  = 0.I2). 

Daily  survival  rates  did  not  difTer  among  excavators (X^  = 5.82.  df=  I.  F = 0.21 ) but 
differed  significantly  among  non-excavators  (X^  = 9.59.  df  = 1.  F = 0.022)  because  of  the 
low  ncsl  survival  rates  of  the  Great  Crested  Flycatcher  and  Eastern  Bluebird  relative  to  the 
Eastern  Screech-Owl  (Table  4-2).  Daily  survival  of  Eastern  Screech-Owl  nests  (0.9912) 
was  significantly  greater  than  that  of  Great  Crested  Flycatcher  nests  (0.9647;  F - 0.004). 
Daily  survival  was  not  significantly  greater  for  Eastern  Screech-Owl  nests  than  fer  Eastern 
Bluebird  nests  (0.9368;  F = 0.129)  because  of  the  large  variance  associated  with  tlie  bluebird 


survival  estimate. 


Tabic  4-2.  Number  of  successful  nesLs  oul  of  loial  ncsls,  number  of  days  nests  were 
observed,  daily  survival  rales  (SE),  and  MayEeld  nest  success  cslimates  for  1 1 species  of 
caviiy-ncsting  birds,  Camp  Blanding  Training  Sile,  I99S-19DS. 


Species  Successful  / Total  days  Daily  survival  (SE) 


Excavators 

Red-bellied  Woodpecker  73  101 

Downy  Woodpecker  29  35 

Hairy  Woodpecker  0 ! 

Northern  Flicker  2 3 

Carolina  Chickadee  14  25 

Brown-headed  Nuthatch  II  14 

NoD-cxcavators 

Wood  Duck  0 I 

Eastern  Screech-Owl  5 7 

Great  Crested  Flycatcher  19  44 

Tufled  Titmouse  II  14 

Eastern  Bluebird  1 4 


2,892  0.9903  (0.0018) 

682  0.9912  (0.0036) 

8 0 

37  0.9848  (0.0150) 

347  0.9683  (0.0094) 

208  0.9856  (0.0083) 

5 0 

227  0.9912  (0.0062) 

709  0.9647  (0-0069) 

139  0.9783  (0.0124) 

47  0.9368  (0.0353) 


74.7 

56.8 
40.6 

62.8 


35.3 

496 

12.5 


Table  4-3.  Causes  ofnesi  failure  for  each  cavity-nesibg  apecies. 


R«!-beliied  Woodpecker 
Downy  Woodpecker 
Hairy  Woodpecker 
Nordiem  Flicker 
Carolina  Chickadee 
Brown-headed  Nulhalch 


Eastern  Screech-Owl 
Great  Crested  Flycatcher 
Tufted  Titmouse 
Eastern  Bluebird 
Total 


” Cavity  contents  could  not  be  examined  to  assess  cause  of  nest  failure. 

*’  Other  italural  causes  of  nest  failure,  including  nest  abandenmeni  and  disease. 


Onuses  of  Nest  Failure 


Nest  predation  was  the  most  common  source  of  nest  ftiiure  (Toble  4-3), 
eccounling  for  40  ofS4  (48%)  nest  failures  (70%  of  all  nest  failures  for  which  the  cause 
wasdelermined).  Nesi  predation  accounted  for  a higher  proportion  of  nest  failures 
among  non-cncavalors  than  among  excavators  (X^  = 6.69,  df  = I , f*  = 0.0 1 ).  Among  non- 
excavators,  81%  of  all  nest  failures  were  attributed  to  nest  predation. 

Confirmed  nest  predators  included  the  com  snake  (£lirphe  gMKiU),  yellow  rat 
snake  (£.  obsolela)^  and  southern  flying  squirrel.  Without  cameras  at  nests,  I was  unable 
to  document  the  relative  importance  of  these  predatore.  However,  some  important 
observations  can  be  made.  Rat  snakes  were  observed  preying  on  nestlings  in  2 Great 
Crested  Flycatcher  nests  and  nestlings  in  2 Red-bclltcd  Woodpecker  nesu.  Flybg 
squirrels  were  known  to  have  preyed  upon  at  least  2 Great  Crested  Flycatcher  nests 
during  the  incubation  period,  b both  instances,  flying  squirrels  or  their  nest  maicRal 
were  observed  on  top  of  the  bird  nest  <2  days  after  the  previous  nest  check.  One 
Carolina  Chickadee  nest  suffered  extensive  physical  damage  to  the  cavity  wall  possibly 
indicative  of  a larger  mammoiion  predator.  In  addition.  3 Downy  Woodpecker  nests  were 
lost  to  other  species  of  woodpeckers.  A male  Hairy  Woodpecker  usurped  one  Downy 
nest  during  the  egg-laying  period,  and  Red-bellied  Woodpeckers  depredated  2 Downy 
nests  during  the  nestling  period. 

Failure  from  nest  trees  being  toppled  or  broken  by  wmd  and  rain  was  more 
common  for  excavators  than  for  non-excavators  fTable  4-3).  Eight  of  50  (16%)  felled 
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excavalor  nesU  were  lost  from  free  fall,  whereas  only  one  oflhe34  (2%)  failed  nests  of 
non-excavaiors  was  lost  to  tree  damage  (Fisher's  exact.  P = 0.077). 

Nesl-site  Selection  and  Nesting  Success 

Most  nest  sites  were  located  in  pine  snags  (Table  4>4).  Nest  trees  were  slash  pine 
(60%),  longleafpine(2l%),  turkey  oaks  (19%),  and  other  pine  species  (<l%).  The 
Brown-headed  Nuthatch,  Carolina  Chickadee,  and  Eastern  Bluebird  nested  mostly  in  pine 
trees  and  avoided  oak  trees.  As  a group,  non-excavators  tended  to  nest  in  oak  trees  more 
frequently  than  did  excavators  (Table  4-4),  probably  because  ofthe  availability  of  natural 
hollows  in  live  (and  dead)  oak  trees. 

Nest  ruDcealmciit 

Data  collected  from  a sample  of  nests  in  1 997  mdicated  that  nest  concealment  was 
not  a factor  In  this  open  forest  system.  [Less  than  S%  of  the  cavity  nests  measured  had 
any  vegetation  concealing  the  ncsl.)  Thus,  I disoonlinued  measurement  of  nest 
concealment  in  subsequent  years. 

Ncsl  height 

Nest  heights  of  successful  nests  were  significantly  greater  than  nest  heights  of 
unsuccessful  nests  for  the  Red-bellied  Woodpecker.  Eastern  Screech-Owl.  and  Great 
Crested  Flycatcher  (Table  4-5).  Nest  heights  were  not  different  for  the  Downy 
Woodpecker.  Small  samples  in  one  or  both  ofthe  nest  outcome  categories  precluded 
meaningful  slallsllcal  tests  for  most  other  species;  for  example,  I had  only  3 failed  nests 


of  the  Tufted  Titmouse. 


Table  4*4.  Frequency  (%)  of  iree  condition  types  and  tree  species  chosen  for  nest  sites  by 
cavity*nestbtg  birds  (species  with  nests  included).  Percentages  calculated  separately  for 
tree  condition  and  for  tree  ^ecies. 


Tree  condition  Tree  species 

Snag  Dead  Live  Pine  Oak 


Escuvators 

Red'bcilied  Woodpecker  99 

Downy  Woodpecker  97 

Northern  Flicker  100 

Carolina  Chickadee  “ >00 

Brown*heiided  Nuthatch  100 

Average  99 


NoR*escnvators 

Eastern  Screech-Owl  100 

Great  Crested  Flycatcher  78 

Tufted  Titmouse  47 

Eastern  Bluebird  100 

Average  91 


0 0 
0 0 


93  7 

82  18 

67  33 

92  8 

100  0 

87  13 

50  50 

63  37 

60  40 

100  0 

68  32 


Does  not  include  three  additional  nests  placed  in  hollow  fence  posts. 


Table  4-5.  Median  nest  hei^laal  auccesafiil  and  unsuccessful  nests  fbr9cavUy-n 
species,  Camp  Blending  Training  Site.  Florida.  1995-1998. 


Excavators 

Red-bellied  Woodpecker 
Downy  Woodpecker 
Northern  Flicker 
Carolina  Chickadee 
Brown-headed  Nuthatch 
Nunexcavators 

Eastern  Screech-Owl 
Great  Crested  Flycatcher 
Tufted  Titmouse 
Eastern  Bluebird 


10.4  (58) 

10.2  (27) 

7.2  (2) 
1.6  (14) 


2.8  (5) 

7.5  (19) 


8.6  (26) 
10.5  (6) 

10.9  (1) 

1.4  (11) 

4.9  (3) 

1-2  (2) 

2.9  (25) 

3.9  (3) 

1.2  (3) 


67 

Correlations  among  nesting  succens.  neoi  height,  und  body  mass 

Comparing  across  species,  there  was  a positive  association  = 0.60,  P - 0.088) 
between  mean  nest  height  and  mean  nest  succes.s  (Table  4-6),  and  this  relationship 
appeared  to  be  linear  (Fig.  4- 1 ).  Species  with  the  lowest  mean  nest  heights  (e.g.,  Carolina 
Chickadee,  Eastern  Bluebird)  had  lowest  nest  success.  There  were  no  other  significant 
correlations  among  these  variables  (Table  4-6). 

Cavity  origin  and  age 

Close  moiiitoring  of  tree  cavities  in  consecutive  years  allowed  identification  of  the 
source  of  most  cavities  used  by  cavity-nesting  birds  (Table  4-7),  Excavators  excavated 
their  own  nesl  holes,  except  for  a couple  of  occasions  in  which  large  woodpeckers  usurped 
the  cavities  of  smaller  woodpecker  species  and  enlarged  them  for  their  own  use.  Red- 
bellied  Woodpeckers  provided  more  cavities  for  non-excavators  than  did  any  other 
excavator  species.  A close  relationship  was  especially  apparent  between  the  Red-bellied 
Woodpecker  and  the  Great  Crested  Flycatcher  (Tabled-?);  if  Red-bellied  Woodpecker 
cavities  were  still  intact  in  their  second  year  and  not  reused  by  the  woodpeckers,  then  they 
usually  were  occupied  by  Great  Crested  Flycatchers.  Carolina  Chickadee  cavities  were 
used  by  several  species,  especially  the  Eastern  Bluebird. 

Red-bellied  Woodpeckers  that  reused  the  same  nesl  tree  for  a second  year  were  less 
successful  than  Red-bellied  Woodpeckers  that  nested  in  a newly  excavated  cavity;  pooling 
years,  (but  excluding  second  broods),  57  of  76  (75%)  nest  attempts  in  new  excavations 
were  successful  compared  to  3 of  1 0 (30%)  nesl  attempts  in  l-year-old  excavations 
(Fisher’s  exact,  P = 0-0072). 


Table  4-6.  Spearman's  correlalion  coeRicienls  between  nesting  success,  neat  height,  and 
body  mass  of  each  species.  Signirieance  levels  indicated  in  boldface. 


Nesting  success  Nest  hei^t  (m)  Body  mass  (gm) 


0.600 

0.088 


Nest  height 


0.485 

0.186 


Nest  success 


1 


0,8  - 
0.6  - 
0.4  - 
0.2  - 

0 -- 

0 


4 8 12 

Mean  nest  height  (m) 


Figure  4>1.  Relationship  between  mean  nest  height  and  nesting  success  estimates  for  9 
species  of  cavity-nesting  birds,  Camp  Blending  Training  Site,  Florida,  I995-1998. 


Nest  success 
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Percent  of  nests  in  natural  holes 


Figure  4*2.  Relaiionshjp  between  percentage  of  nests  built  in  natural  holes  (i.e.,  those 
not  excavated  by  other  birds)  and  nesting  success  Tor  4 species  of  non*excavators  (EB  - 
Eastern  Bluebird.  OF  = Great  Crested  Flycatcher,  TT  = Tufted  Titmouse,  SO  - Eastern 
Screech  Owl),  Camp  Blending  Training  Site,  Florida,  1 99S-I99S. 


Three  non-cxc»vators  - ihe  Easlem  Screech-Owl,  Greai  Cresled  Flycatcher,  and 
Tufted  Titmouse  — made  extensive  use  of  "natural  holes"  (i.c.,  tree  cavities  not  excavated 
by  other  birds;  Table  4-7).  Natural  holes  included  knotholes  and  hollow  branches  in  oak 
trees,  Ihe  natural  hollows  formed  between  forked  pine  trees,  and  also  pockets  formed  io 
decaying  stumps.  1 did  not  observe  any  of  these  natural  holes  being  used  for  nesting  in 
consecutive  years.  Use  of  natural  holes  was  positively  correlated  frr  = 1 .00)  with  nesting 
success  rates  for  non-excavator  species,  and  this  relationship  appeared  to  be  linear  (Fig. 
4-2). 


Discussion 

Nest  Success  of  Elicavators  and  Non-Excavators 

Excavators  generally  had  greater  nest  success  than  ncn-excavalors,  but  the 
difference  was  not  significani  because  of  the  large  overlap  between  the  two  groups  (Table 
4-2).  For  example,  the  Easlem  Screech-Owl.  a non-excavator,  had  greater  nest  success 
than  two  excavators,  Ihe  Carolina  Chickadee  and  ihcNortItem  Flicker.  Within  the  family 
Poridac.  Ihe  non-excavator  (Tufted  Titmouse)  bad  greater  nest  success  than  the  excavator 
(Coiolina  Chickadee). 

TTus  finding  contrasts  with  the  distinct  differences  between  excavators  and  non- 
excavators  documented  in  Arizona  by  Li  and  Martin  (19bl)  and  Martin  and  Li  (1992), 
the  only  other  studies  to  compare  nesting  success  of  cavity-nesting  guilds  coexisting  in 
lime  and  space.  In  their  work,  nest  success  was  at  or  approaching  100%  for  several 
woodpecker  species,  and  there  was  almost  no  overlap  between  the  two  guilds.  Nest 
success  for  8 excavator  species  averaged  38%  (range;  69-100%)  and  for  8 non-excavator 


species  flverdged  60%  (range;  27*78%;  Li  and  Martin  1991),  Sample  sizes  of  nesLs  in 


their  study  were  comparable  10  those  in  mine;  Martin  and  LI  (1992)  had  s9nesu  fora 
third  of  the  cavity-nesting  species  in  their  study,  and  ihad  s7  nests  fora  third  of  the 
species  in  my  study. 

Nest  success  rates  documented  in  my  study  area  were  usually  lower  than  those 
reported  from  other  iocalilics  for  the  same  species  (Li  and  Martin  1991.  Johnson  and 
Kermott  1994;  see  Appendix  C).  For  example,  Mayfield  nest  success  of  the  Carolina 
Chickadee  was  lower  in  my  study  area  (41%)  than  in  lllbois(66%;  Albano  1992)  or  in  o 
nest-box  study  in  Tennessee  (70%;  Pitts  1998).  Nesting  success  for  Eastern  Bluebirds  in 
my  study  area  (13%)  was  lower  than  any  study  in  the  liieratuie;  my  sample  of  nests  was 
small,  but  even  when  nesting  attempts  in  nest  boxes  in  the  study  area  were  included 
(n=10  total  nesting  attempts).  Mayfield  nest  success  was  still  <20%(unpubl.  data). 

Nest  predation  appears  to  be  higher  b my  study  area  than  b many  others 
(Appendix  C).  One  possible  explanation  for  relatively  low  nest  success  b Florida  pbe 
pianialions  is  site-specific  differences  in  the  density  and  diversity  of  nc,st  predators. 

Direct  evidence  is  lacking  to  conclude  that  the  density  of  nest  predators  Is  higher  b 
southern  pine  forests  than  in  other  plant  communities  in  North  America  because  b most 
studies  the  identities  of  nest  predators  are  not  known  nor  are  their  population  densities 
measured.  However,  there  are  certainly  more  species  of  snakes  b the  southeastern 
United  Slates  than  b many  other  regions  of  the  country,  bcluding  high-elevation  conifer 
forests  in  Arizona  (Behler  and  King  1979,  Smith  and  Brodie  1982).  Two  southeastern 
species,  the  rat  snake  (£.  obsolela)  and  com  snake  (£.  gutiaJo).  are  eapecially  important 
as  predators  on  biidnesu,  bcluding  nests  b tree  cavities  (e.g.,  Jackson  1970,  1974, 1978; 


Lanyon  1997;  PhtlUpe  and  Gault  1997;  also  sea  Chapter  3).  Moreover,  evidence 
indicates  that  the  Red'Cockaded  Woodpecker  (/*ree/def  borealts)  evolved  the  behavior  of 
drilling  sap  wells  around  its  nest  cavity  as  an  adaptation  to  reduce  predation  by  the 
sympatric  rat  snake  (Jackson  1978.  Rudolph  etal.  1990.  McFarlane  1992).  Rot  snakes 
are  excel  lent  climbers  and  spend  most  of  their  time  in  trees  (R.  Franz,  pets.  comm.). 

Thus,  although  this  study  confirmed  that  most  excavators  have  higher  nest  suaoess 
than  most  non'cacavators.  the  pattern  was  certainly  weaker  than  that  documented  in  high 
elevation  forest  slopes  in  Arizona  (Li  and  Martin  1991,  Martin  and  Li  1992),  where 
cavity  neslers  experienced  lower  levels  of  nest  predation. 

Additional  research  is  needed  to  determine  if  high  nest  predation  rates  are  typical 
of  Florida  pine  forests.  Within  my  study  area,  Red-bellied  Woodpecker  nest  success 
rates  did  not  differ  between  young  slash  pine  plantations  and  older  longleafpine  stands 
(unpubl.  data),  indicating  that  high  nest  predation  is  not  resiricied  to  young  pine 
plantations. 

Evaluation  of  Overlapping  Hypotheses  About  Differential  Nest  Success 
Nest  height 

If  predation  pressure  selects  for  higher  nests,  then  successful  nests  should  be 
higher  than  those  that  are  unsuccessful.  In  this  study,  nest  height  and  nest  success  were 
positively  related  across  species.  However,  within  individual  species,  successful  nests 
were  higher  than  failed  nests  for  some  species  but  not  for  others  (Table  4-5).  Thus, 
evidence  for  the  nest  height  hypothesis  was  mixed-  Similarly,  Li  and  Martin  (1991) 
found  a strong  relalionship  between  nest  height  and  nest  success  when  comparing  mean 
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values  acmsa  species  but  did  not  find  significant  relationships  within  any  species.  Closer 
examination  of  this  pattern  suggests  that  the  range  of  ne.xt  heij^ts  used  for  nesting, 
together  with  the  species  of  nest  predators  present,  determine  whether  successful  nests 
are  higher  than  foiled  nests  for  a given  species. 

An  implicit  assumption  is  that  nest  height  mostly  affects  lerresthal  mammals,  but 
this  has  yet  to  be  demonstrated  experimentaily  for  specific  mammalian  nest  predators. 
However,  a variety  of  evidence  suggests  that  a threshold  of  vulnerability  exists  for  most 
cavity  nesteis.  with  ncsle  <2  m in  height  being  mosi  vulnerable  to  ictreslrial  meso- 
mammals.  For  example,  Albano  (1992)  found  that  most  chickadee  nests  <1.25  m in 
height  were  destroyed  and  the  cavity  walls  damaged,  presumably  by  terresirial  mammals 
such  as  raccoons  iProcyon  tolor),  opossums  {Dtdetphis  vir^inianus),  and  striped  skunks 
IMephlris  mephitis).  Similarly.  Rendell  and  Robertson  (1989)  found  depredated  Tree 
Swallow  {Tachvcmeia  bieohr)  nests  averaged  1.8  m in  height  white  successful  nests 
averaged  4.5  m in  height.  Nilsson  (1984)  found  lhat  nests  <2  m above  ground  were  more 
likely  to  be  preyed  upon  than  higher  nests  for  3 species  of  cavity  nesiers.  but  found  no 
such  relationship  for  3 other  cavily<ncsting  species,  one  of  which  suffered  nest  predation 
mostly  from  arboreal  woodpeckers. 

Many  birds  arc  likely  to  encounter  a rich  guild  ofitesi  predalois  of  varying  body 
sizes  and  diverse  foraging  modes.  Filliater  ct  al.  (1994)  argued  that  the  shrub  nests  of 
Northern  Cardinals  {CardinalLe  cardmaiis)  are  subject  to  a rich  guild  of  nest  predators 
and  high  overall  levels  of  predation,  factors  which  combine  lo  climbiale  predictably  safe 
nest  sites;  they  argued  that  this  explaliuthe  lackof  influence  of  nest-siic  variables  such 
as  height  or  concealment  on  the  outcome  of  cardinal  nests  (Conner  el  al  1986,  Filliuter  ct 
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si.  1994).  A variety  of  nest  predator  species  was  present  in  my  study  area,  including  two 
snake  species  that  are  excellent  cMmbeis.  Predator  species  richness  combined  with  high 
overall  levels  of  nest  predation  may  reduce  the  strength  of  selection  for  safe  cavity  nests 
in  southern  pine  forests.  Supporting  evidence  comes  horn  the  work  of  Swan  (1999),  who 
found  that  mean  height  of  successful  and  unsuccessful  nests  did  not  differ  lor  Red-bellied 
Woodpeckers  or  Downy  Woodpeckers  in  Iwo  longleaf  pine  forests  in  northern  Florida. 

It  is  also  imponam  lo  nolc  that  if  the  dominant  nest  predators  in  a given  system 
are  aerial  predators  (e.g.,  crows,  woodpeckers),  then  low  nests  would  be  safer  than  higher 
nests.  The  nest  height  hypothesis  assumes  that  nest  predators  are  predominantly 
terrestrial  and  have  greater  difficulty  finding  and/or  accessing  higher  nests  than  lower 
nests.  These  are  important  assumptions  that  need  to  be  substantiated. 

Meat  concealment 

The  predictions  of  the  nest  concealment  hypothesis  were  not  supported  by  my 
data.  The  only  nests  that  were  partially  obscured  by  branches  of  vegetation  were  those  of 
the  Carolina  Chickadee,  an  excavator  species  with  mean  nest  height  of  1.6  m. 

Tiadilicinally,  dense  foliage  near  open*cup  nests  is  ihou^t  to  reduce  predation  by 
concealing  <he  neat  horn  discovery  (e.g.,  Marlin  1 993),  presumably  by  visually-oriented 
nest  predators.  Increased  foliage  density  moy  reduce  the  risk  of  nest  discovery  by 
concesling  the  nest  (Nolan  1978,  Murphy  1983,  Westmoreland  and  Best  1985),  inhibiting 
tire  movement  of  predators  (Bowman  and  Harris  1980),  or  increasing  the  number  of 
possible  nest  sites  a predator  must  inspect  (Martin  and  Roper  1988).  The  idea  that  dense 
folinge  would  have  the  opposite  effect  on  cavity  nests  (i.e..  increased  nest  predation) 
appears  lo  have  been  developed  by  Belles-lsles  and  Pieman  ( 1 986).  who  found  House 


Wren  nests  sumninded  by  spsise  vcgeiaiion  hsd  lower  nest  predation  than  nests 
surrounded  by  dense  vegetation.  They  speculated  that  dense  vegetation  coidd  allow 
conspecifics  engaging  in  nest  destruction  (a  phenomenon  that  is  aetuaJiy  intraspecific 
competition  not  predation)  to  approach  nests  more  easily  without  being  seen,  but  they  did 
not  observe  this  occurring.  Although  their  work  has  been  cited  by  others  (e.g,  Finch 
1989,  Li  and  Martin  1991)  as  evidence  that  predators  have  easier  access  to  cavity  nests 
when  they  are  concealed,  this  phenomenon  has  yet  to  be  documented.  Moreover,  if 
concealment  of  the  nest  by  vegetation  is  beneficial  for  open-cup  nestets  but  not  for 
cavity-nesters,  then  it  follows  that  nest  predators  must  use  different  cues  to  find  open-cup 
and  cavity  nests,  a concept  for  which  there  is  also  no  evidence. 

I found  no  evidence  that  Carolina  Wrens  destroyed  or  iisuiped  cavity  nests, 
contrary  to  the  prediction  by  Land  et  ai.  (1989)  that  competition  from  wrens  would  be  a 
major  source  of  nest  failure  for  secondary  cavity-nesting  birds  in  pine  plantations.  In 
fact,  Carolina  Wrens  rarely  used  tree  cavities  as  nest  sites,  instead  placing  their  woven 
nests  into  nooks  and  crannies  in  brush  piles  and  palmetto  fronds. 

Nest  caviry  age 

Nest  predation  and  the  age  of  a nest  site  were  posirivaly  correlated,  boihncross 
and  wlrhiii  cavity-nesting  bird  species.  Non-eacavator  species  that  mode  use  of  natural 
holes  had  greater  nest  success  than  those  reliant  on  old  eacavalions.  Similarly,  Lundberg 
and  Alatalo(  1992)  found  that  nest  predation  rales  for  Pied  Flycatcher  (/'iceifo/fl 
hypoUuca)  nests  were  significantly  higher  in  old  woodpecker  cavities  than  in  naniral 
hollows  formed  in  hardwood  trees  by  branch  fall  and  decay.  These  holes  were  abundant 


in  their  jiiudy  urea;  Ihua,  each  natural  hole  would  have  had  loss  previous  nesting  activity 
than  each  woodpecker  hole,  which,  by  dermilion,  bad  always  had  previous  bird  use. 

Among  Red'bellied  Woodpeckers,  those  that  reused  their  nest  cavities  in 
successive  years  had  lower  nest  success  than  those  that  excavated  new  cravilies  each 
spring.  Nilsson  el  al.  (1991)  found  the  same  potlcm  for  Black  Woodpecker  (Dryxrcopirr 
manius)  nesu.  Among  Great  Crested  Flycatchers,  birds  using  older  nest  boxes  suffered 
hi^ernest  predation  than  those  using  new  nest  boxes  (see  Chapters),  which  constitutes 
further  support  for  the  hypothesis  that  cavity  age  is  correlated  with  predation  risk.  In 
summary,  i found  a variety  of  evidentre  that  non-excavators  have  relatively  low  nest 
success  because  nest  predalois  learn  over  lime  to  exploit  older  nest  sites  os  a prey 


Body  size  was  not  correlated  with  nest  success  in  this  study.  Predation  rates  on 
cavity  nests  were  inversely  correlaled  with  the  species’  body  size  (Dunn  1977,  U and 
Martin  1991)  but  Nilsson  (1 9S4)  found  the  opposite  result.  In  addition  to  body  size,  other 
factors  (e.g..  aggressiveness,  mobbing  behavior,  vigilance)  probably  influence  a species' 
cfTecliveness  in  deterring  or  repelling  would-be  nest  predators. 


Conclusions 

Cavity-nesting  birds  had  lower  nest  success  in  the  young,  regenerating  pine 
forests  ofnorthera  Florida  than  in  other  localities  inNoith  Amcriea.  Althougli  most 
excavators  had  greater  nest  success  than  roost  uon-excavalors,  the  panem  was  not  as  clear 


as  in  Die  porderosa  pino  (P.  pomferoia)  forests  sludietlby  Li  and  Martin  (1991),  upon 
which  much  life  hisioty  theory  about  cavity-nesting  birds  has  been  based  (Martin  and  Li 
1992).  High  levels  of  nest  predation,  combined  with  the  relatively  low  heights  of  cavity 
nests  in  a young,  regenernting  forest,  may  have  minimised  the  differences  between  the 
two  nest  types  in  my  study. 

This  study  provides  additional  evidence  for  the  importance  of  cavity  age  (i.e., 
predator  cognizance)  and  nest  height  as  factors  determining  differences  in  life  history 
traits  of  cavity-nesting  birds.  Because  these  two  factors  frequently  may  be  correlated, 
manipulative  ezperimenls  to  simultaneously  address  these  factors  wouJd  provide  further 
insight  into  their  relative  importance  and  how  they  might  interact  in  different  situations. 

Nevertheless,  the  lighi  relationship  between  nest  sites  of  the  Red-bellied 
Woodpecker  nnd  Great  Crested  Flycatcher  provides  strong  support  for  the  hypothesis  that 
cavity  age  may  be  of  primary  importance  in  determining  lower  nesl  success  (and 
consequently  higher  annual  reproductive  effort;  Martin  and  U 1992)  in  non-excavators. 
Close  monitoring  of  individual  cavities  over  a 3-yr  period  indicated  that  non-excavators 
used  excavator  nest  sites  as  soon  as  they  were  vacated.  Great  Crested  Flycatchers  were 
highly  dependent  on  the  cavities  excavated  by  Red-bellied  Woodpeckers  (Table  4-7);  I 
even  observed  a few  instances  where  Red-bellied  Woodpeckers  and  Great  Crested 
Flycatchers  used  the  same  nest  cavity  sequentially  within  the  same  season.  Predaliun  risk 
increased  in  successive  years  within  a given  nest  site,  even  though  nest  concealment  and 
nest  height  obviously  did  nol  change  over  lime. 

My  results  also  underscore  the  Importance  of  looking  at  local  and  regional 
dilTerenccs  in  ncsl  predalion.  In  most  studies,  the  identity  of  nest  predators  is  unknown 


Uriviere  1 9»)  ind  a variety  of  nest  predators  may  respond  differently  to  neat  height. 
More  researoh  is  especially  needed  on  the  ecology  of  tree-climbing  snakes  in  southern 
pine  forests. 

predation)  to  eaplain  nest-site  selcclioo  of  forest  birds,  it  is  equally  bnponant  to 
recognize  the  importance  of  within-trophic  interactions  in  a community  of  cavity-nesting 
birds  (ie„  interference  competition  for  nest  cavities;  commensalism  between  non- 
excavators  and  excavators).  A simple  explanation  for  the  greater  vulnerability  of  non- 
excavators  to  nest  predation  is  that  non-excavalois  must  be  more  opportunistic  in  their 
choice  of  nest  sites,  paiticularly  if  they  are  more  reliant  on  woodpecker-excavated 
cavities.  As  dead  trees  decay,  they  become  progressively  shoiter  and  thua  the  highest 
cavities  are  the  first  to  disappear,  leaving  lower  caviries  avaUable.  Under  this  scenario, 

determined  only  by  the  pattem  of  age  and  decay  in  the  cavity  resource  and  the 

(1984)  found  that  smaller  cavity-nesting  birds  were  fontedlonest  lower  in  the  presence 
of  other  species.  As  commensab,  non-excavators  ore  forced  to  accept  the  cavities  that 
are  available,  including  old  woodpecker  cavities  that  have  an  increased  risk  of  nest 


CHAPTERS 

CONCLUSIONS  AND  SYNTHESIS 
Symbcsis 

Noa-sxoavaiors  are  likely  lo  he  oesl-sile  limited  in  the  young  pine  forests  that 
dominate  the  Southeastern  Coastal  Plain,  because  cavity  density  is  positively  correlated 

1982,  Wiuets  et  al.  1990).  However,  habitat  quality  may  set  an  upper  limit  on  the 
suitability  of  a given  aiea  for  breeding  birds.  For  example,  the  densely  slocked  slosh  pine 
plantations  I studied  appeared  to  be  marginally  suitable  os  breeding  habitat  for  Eastern 
Bluebiids  [Sialia  sialis),  thus,  precluding  population  increases  regardless  of  the  Dumber 
ofeavides  that  become  available.  Nest  sites  of  many  cavity-oesllng  species,  includbg 
Eastern  Bluebirds  and  Great  Crested  Flycatchers,  are  eharaclerized  by  mictohebltais  with 
many  snags,  low  density  of  trees,  and  a partially  open  canopy  (unpubl.  data:  Miller  2000). 

cavities  and  crevices  (i.e.,  Carolina  Wren,  Thryothorvs  ludovicionur)  werenol  nest-site 
limited  (Chapter  2;  Brawn  and  Baida  1988).  Use  of  a variety  ofcavity  types  also  was 


previous  use  by  nesting  biids  (Chspier  4). 

Manin  mid  U (1992)  suggested  Ihol  spatial  and  temporal  variability  in  the 
quantity  and  quality  of  nest  sites  could  favor  increased  reproductive  effort  by  non- 
excavators  (e.g.,  larger  clutch  sizes,  more  brood  anempts  per  year)  in  an  evolutionary 

clulcb  size  or  daily  nest  survival  rates  between  excavators  and  non-excavators  (Chapter 

further  exploration. 

Nest  predation  rates  on  cavity  nesis  were  higher  in  my  study  area  than  for  similar 
species  in  other  locales  (see  Appendix  C).  I found  a variety  of  evidence  supporting  the 

a variety  of  natural  boles  had  greater  nest  success  than  those  that  relied  predominandy  on 
old  woodpecker  cavities  that  hod  been  used  by  binis  in  the  previous  year.  Egg 
deprcdalion  in  nest  boxes  used  by  the  Great  Crested  Flycatcher  {Mylarchus  ertnifus] 
increased  during  the  second  year  nest  boxes  were  available;  evidence  presenled  in 
Chapter  3 indicated  this  was  likely  a result  of  nest  predators  learning  the  locations  of  nest 

Finally,  prescribed  burning  seemed  to  facilitate  the  discovery  and  use  of  nest 
boxes  by  secondaiy  cavily-nesieis  in  this  study.  Front  a managenient  petspective.  if 
incteosbg  cavity-nesting  bird  populations  is  a management  goal  in  fire-maintained  pine 


■ffeeied  by  siie  monageraem.  Foremosi  is  ihc  need  for  ftirUiet  research  on  the  ecology  of 
the  soulhem  flying  squirrel  as  a nesl-site  compeliior  and  nesl  predator,  both  in  pine 
planuiions  and  in  longleaf  pine  flaiwoods  and  sandhills.  Previous  cludies  have  indicated 
miaed,  but  generally  ineflecKve,  resulUofmanigeraenl  oclivities  designed  to  control  Ihe 
impacl  offlyiitg  squirrels  on  cavity  neslera  (Conner  and  Rudol;*  1991,  Conner  etal. 

1 996,  Mitchell  el  al.  1999). 

Avian  ecologists  also  need  a better  underelanding  of  the  cues  that  different  nest 

higher  nests  are  less  conspicuous  and/or  less  accessible  to  neat  predatore  (Chapter  4)  and 
for  Ihe  concept  that  cavity  age  is  positively  correlated  with  predation  risk  (Chapters  3-4), 
cerefully  designed  manipuJelive  experiments  are  needed.  These  nesl-site  attributes  are 
usually  inter-coirelated  (Li  and  Martin  1991),  and  thus,  they  form  a set  of  overlappping 
hypotheses  that  are  best  addressed  with  factorial  experiments  (Quinn  and  Dunham  1 983). 
Nesl  boxes  are  likely  to  be  an  essential  tool  for  lesliog  some  of  these  relationships 
between  nesl  predators  and  nest-site  selection  for  cavity-nesting  birds. 
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APPENDIX  A 

RELATIVE  ABUNDANCE  OF  BIRDS  IN  SLASH  PINE  PLANTATIONS. 
CAMP  BLANDING  TRAINING  SITE,  FLORIDA,  1995-1998 


T^ngSlIe,  Rorida.  1995-1998.  Birds  were  sunned  « 72  pcniunentpoinI<oi^^ 
suiions  thin  times  per  year  between  April  and  June  (n  = 8dd  total  point  count  visits). 
The  ten  most  abundant  species  are  in  boldface. 


Eestein  Screech-Owl 
Great  Homed  Owl 
Barred  Owl 


SclemiBc  name 
Accipiler  sp. 


Chuck-will’s-widow 
Red-belMed  Woodpecker 
Red-headed  Woodpecker 
Downy  Woodpecker 
Red-cockaded  Woodpecker 


Caprimulgus  caroUnensis 
Melanerpts  eryihrocephalu 
Picoida  borealis 


Total  Counts'  Frequency' 
Number^)  i[u) 


1 (<l)  <0.01 
1 (<l)  0.01 
4 <<1)  0.02 


9 (I)  0.12 

0 (0)  0.01 

0 <0)  <0.01 

0 (0)  <0.01 

0 <0)  <0.01 

1 (<1)  <0.01 

7 (<l)  0.01 

01  <4|  0.48 

0 (0)  <0.01 

54  (3)  0.16 

2 (<1)  0.02 

1 (<I)  0.01 


6 (<l)  0.08 


Woodpecke 
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Total  Counts 
Number  (H) 


Great  Creeled  Flycatcher 
YelloW'throated  Vireo 


Red.eHVtreo 


Caroline  Chiclcadee 
Tufted  Titmouse 


Blue-gray  Gnatcaldier 
Easlein  Bluebird 
Wood  Thrush 
Gray  Catbird  ‘ 

Brown  Thrasher 


Corns  oss^gus 
Corns  sp. 


Thryotkorus  ludovkianus 
PoHoptila  caerulea 
Sialusialis 
ffylocieUa  muielina 
DumtioUa  carolmmis 


171  (II) 

3 («1) 

I (<1> 

44  (3) 
12  (I) 
0 (0) 
0 (0) 
36  (2) 
59  (4) 
IS  (1) 
78  (5) 
23  (2) 

4 (<l) 
0 (0) 
9 (I) 

I (<1) 


0.66 

0.13 


0.Z3 

0.19 

<0-01 

<0.01 

0.06 


0.04 


0.03 

<0.01 

0.02 

0.02 


iPanila 


5 (<l) 
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100 


Number  (%) 


Sorthern  Cardinal 
Brown-headed  Cowb 


Pipilo  erythrophthalmus 


SS9  (3<) 
35  (2) 
0 (0) 
60  (4) 
1*4  (U) 


crowned  Kinglet  {Regulus  coltndula).  Cedar  W. 
Black-throoied  Blue  Warbler(i>eerA'Oice  caerui 
coromra).  Palm  Warbler  {D.palmanm).  Ameri 


APPENDIX  B 

MAYFIELD  DAILY  SURVIVAL  RATES  OF  CAVITY-NESTING  BIRDS 
AT  EACH  STAGE  OF  THE  NESTING  CYCLE 


Appendix  B.  Difference  (2-iniled  Z tests)  in  Mayfield  daily  survival  rates  (SE)  at  each  stage 
of  the  nesting  cycle,  Camp  Blandlng  Training  Site,  Florida,  1995*1998. 

Daily  survival  rateTsli 

Species No.  nests  Incubation  period  Nestling  period Z 


Red-bellied  Woodpecher  101 
Downy  Woodpecker  35 
Hairy  Woodpecker  I 
Northern  Flicker  3 
Carolina  Chickadee  25 
Btown-headed  Nuthatch  Id 


0.9869  (0.0039) 
0.9950  (0.0050) 

1.0000  (0.0000) 
0.9424  (0.02II) 
0,9747  (0,0177) 


0,9917  (0,0020) 
0.9897  (0.0046) 
0 

0.9792  (0-0206) 
0.9833  (0.0088) 
0,9922  (0.0077) 


Wood  Duck 
Eastern  Screecdi-Owl 
Great  Crested  Flycatcher 


Eastern  Bluebird 


0 

0.9873  (0.0127) 
0.9640  (0.0098) 

1.0000  (0.0000) 

0.8966  (0.0566) 


0.9932  (0.0067) 
0.9655  (0.0098) 
0.9727  (0.0155) 

1.0000  (0.0000) 


■ 0.05- 


0.10." 
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